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FIG. 10A

Human MLK 1 coding sequence (SEQ ID NO:1; GenBank AY327900)

ATGGAGCCCTCCAGAGCGCTTCTCGGCTGCCTAGCGAGCGCCGCCGCTGCCGCCCCGCCGGGGGAGGATG
GAGCAGGGGCCGGGGCCGAGGAGGAGGAGGAGGAGGAGGAGGAGECGGCGGCGGCGGTGGGCCCCGGGGA
GCTGGGCTGCGACGCGCCGCTGCCCTACTGGACGGCCGTGTTCGAGTACGAGGCGGCGGGCGAGGACGAG
CTGACCCTGCGGCTGGGCGACGTGGTEGGAGGTGCTGTCCAAGGACTCGCAGGTGTCCGGCGACGAGGGCT
GGTGGACCGGGCAGCTGAACCAGCGGGTGGGCATCTTCCCCAGCAACTACGTGACCCCGCGCAGCGCCTT
CTCCAGCCGCTGCCAGCCCGGCGGCGAGGACCCCAGTTIGCTACCCGCCCATTCAGTIGTTAGAAATTGAT
TTTGCGGAGCTCACCTTGGAAGAGATTATTGGCATCGGGGGCTTTGGGAAGGTCTATCGTGCTTTCTGGA
TAGGGGATGAGGTTGCTGTGAAAGCAGC TCGCCACGACCCTGATGAGGACATCAGCCAGACCATAGAGAR
TGTTCGCCAAGAGGCCAAGCTCTTCGCCATGCTGAAGCACCCCARCATCATTGCCCTAAGAGGGGTATGT
CTGAAGGAGCCCAACCTCTGCTTGGTCATGGAGT TTGCTCGTGGAGGACCTTTGAATAGAGTGTTATCTG
GGARAAAGGATTCCCCCAGACATCCTGGTGARTTGGGCTGTGCAGATTGCCAGAGGGATGAACTACTTACA
TGATGAGGCAATTGTTCCCATCATCCACCGCGACCTTARGTCCAGCAACATATTGATCCTCCAGAAGGTG
GAGAATGGAGACCTGAGCAACAAGATTCTGAAGATCACTGATTTTGGCCTGGCTCGGGAATGGCACCGAR
CCACCAAGATGAGTGCGGCAGGGACGTATGCTTGGATGGCACCCGAAGTCATCCGGGCCTCCATGTTTTC
CAAAGGCAGTGATGTGTGGAGCTATGGGGTGCTACTTTGGGAGTTGCTGACTGGTGAGGTGCCCTTTCGA
GGCATTGATGGCTTAGCAGTCGCTTATGGAGTGGCCATGARCAAACTCGCCCTTCCTATTCCTTCTACGT
GCCCAGAACCTTTTGCCAAACTCATGGAAGACTGCTGGAATCCTGATCCCCACTCACGACCATCTTTCAC
GRATATCCTGGACCAGCTAACCACCATAGAGGAGTCTGGTTTCTTTGAAATGCCCAAGGACTCCTTCCAC
TGCCTGCAGGACRACTGGAAACACGAGATTCAGGAGACGTTTGACCAACTCAGGGCCAAAGARAAGGAAC
TTCGCACCTGGGAGGAGGAGC TGACGCGGGCTGCACTGCAGCAGAAGAACCAGGAGGAACTGCTGCGGCG
TCGGGAGCAGGAGCTGGCCGAGCGGGAGATTGACATCCTGGAACGGGAGCTCAACATCATCATCCACCAG
CTGTGCCAGGAGAAGCCCCGGGTGAAGAAACGCAAGGGCARGT TCAGGAAGAGCCGGCTGRAGCTCAAGG
ATGGCAACCGCATCAGCCTCCCTTCTGATTTCCAGCACAAGTTCACGGTGCAGGCCTCCCCTACCATGGA
TAABAGGAAGAGTCTTATCAACAGCCGCTCCAGTCCTCCTGCAAGCCCCACCATCATTCCTCGCCTTCGA
GCCATCCAGTTGACACCAGGTGAAAGCAGCAAAACCTGGGGCAGGAGCTCAGTCGTCCCARAGGAGGAAG
GGGAGGAGGAGGAGAAGAGGGCCCCARAGAAGAAGGGACGGACGTGGGGGCCAGGGACGCTTGGTCAGAR
GGAGCTTIGCCTCGGGAGATGAAGGATCCCCTCAGAGACGTGAGARAGCTAATGGTTTAAGTACCCCATCA
GRATCTCCACATTTCCACTTGGGCCTCAAGTCCCTGGTAGATGGATATAAGCAGTGGTCGTCCAGTGCCC
CCARCCTGGTGAAGGGCCCARAGGAGTAGCCCGGCCCTGCCAGGGTTCACCAGCCTTATGGAGATGGAGGA
TGAGGACAGTGAAGGCCCAGGGAGTGGAGAGAGTCGCCTACAGCAT TCACCCAGCCAGTCCTACCTCTGT
ATCCCATTCCCTCGTGGAGAGGATGGCGATGGCCCCTCCAGTGATGGARTCCATGAGGAGCCCACCCCAG
TCAACTCGGCCACGAGTACCCCTCAGCTGACGCCARCCAACAGCCTCARGCGGGGCGGTGCCCACCACCG
CCGCTGCGAGGTGGCTCTGCTCGGCTGTGGGGCTGTTCTGGCAGCCACAGGCCTAGGGTTTGACTTGCTG
GRAGCTGGCAAGTGCCAGCTGCTTCCCCTGGAGGAGCCTGAGCCACCAGCCCGGGAGGAGRAGARARGAC
GGGAGGGTCTTTTTCAGAGGTCCAGCCGTCCTCGTCGGAGCACCAGCCCCCCATCCCGRAAGCTTTTCAA
GAAGGAGGAGCCCATGCTGTTGCTAGGAGACCCCTCTGCCTCCCTGACGCTGCTCTCCCTCTCCTCCATC
TCCGAGTGCAACTCCACACGCTCCCTGCTGCGCTCCGACAGCGATGARATTGTCGTGTATGAGATGCCAG
TCAGCCCAGTCGAGGCCCCTCCCCTGAGTCCATGTACCCACAACCCCCTGGTCAARTGTCCGAGTAGAGCG
CTTCAAACGAGATCCTAACCAATCTCTGACTCCCACCCATGTCACCCTCACCACCCCCTCGCAGCCCAGC
AGTCACCGGCGGACTCCTTCTGATGGGGCCCTTAAGCCAGAGACTCTCCTAGCCAGCAGGAGCCCCTCCA
GCAATGGGTTGAGCCCCAGTCCTGGAGCAGGAATGTTGAARACCCCCAGTCCCAGCCGAGACCCAGGTGA
ATTCCCCCGTCTCCCTGACCCCAATGTGGTCTTCCCCCCAACCCCAAGGCGCTGGRACACTCAGCAGGAC
TCTACCTTGGAGAGACCCARGACTCTGGAGTTTCTGCCTCGGCCGCGTCCTICTGCCARCCGGCARCGGC
TGGACCCTTGGTGGTTTGTGTCCCCCAGCCATGCCCGCAGCACCTCCCCAGCCAACAGCTCCAGCACAGA
GACGCCCAGCAACCTGGACTCCTGCTTTGCTAGCAGTAGCAGCACTGTAGAGGAGCGGCCTGGACTTCCA
GCCCTGCTCCCGTTCCAGGCAGGGCCGCTGCCCCCGACTGAGCGGACGCTCCTGGACCTGGATGCAGAGG
GGCAGAGTCAGGACAGCACCGTGCCGCTGTGCAGAGCGGARCTGAACACACACAGGCCTGCCCCTTATGA
GATCCAGCAGGAGTTCTGGTCTTAG
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FIG. 10B

Human MLK1 polypeptide sequence (SEQ ID NO:2; GenBank AAQ23054)

MEPSRALLGCLASAAAAAPPGEDGAGAGAEEEEEEEEEAAAAVGPGELGCDAPLPYWTAVFEYERAGEDE
LTLRLGDVVEVLSKDSQVSGDEGWATGQLNQRVGIFPSNYVTPRSAFSSRCQPGGEDPSCYPPIQLLEID
FAELTLEEIIGIGGFGKVYRAFWIGDEVAVKAARHDPDEDISQTIENVRQEAKLFAMLKHPNITALRGVC
LKEPNLCLVMEFARGGPLNRVLSGKRIPPDILVNWAVQIARGMNYLHDEAIVPITHRDLKSSNILILQKV
ENGDLSNKILKITDFGLAREWHRTTKMSAAGTYAWMAPEVIRASMFSKGSDVWSYGVLLWELLTGEVPFR
GIDGLAVAYGVAMNKLALPIPSTCPEPFAKLMEDCWNPDPHSRPSFTINILDQLTTIEESGFFEMPKDSTH
CLODNWKHEIQETFDQLRAKEKELRTWEEELTRRALQOKNQEELLRRREQELAEREIDILERELNIITHQ
LCOEKPRVKKRKGKFRKSRLKLKDGNRISLPSDFQHKFTVOASPTMDKRKSLINSRSSPPASPTIIPRLR
AIQLTPGESSKTWGRSSVVPKEEGEEEEKRAPKKKGRTWGPGT LGOKELASGDEGS PQRREKANGLSTPS
ESPHFHLGLKSLVDGYKQWS S SAPNLVKGPRSSPALPGFTSLMEMEDEDSEGPGSGESRLQHSPSQSYLC
1PFPRGEDGDGPSSDGIHEEPTPVNSATSTPQLTPTNSLKRGGAHHRRCEVALLGCGAVLAATGLGFDLL
EAGKCQLLPLEEPEPPAREEKKRREGLFQRSSRPRRSTSPPSRKLFKKEEPMLLLGDPSASLTLLSLSSI
SECNSTRSLLRSDSDEIVVYEMPVSPVEAPPLSPCTHNPLVNVRVERFKRDPNQSLTPTHVTLTTPSQPS
SHRRTPSDGALKPETLLASRSPSSNGLSPSPGAGMLKTPSPSRDPGEFPRLPDPNVVFPPTPRRWNTQQD
STLERFKTLEFLPRPRPSANRQRLDPWWEVSPSHARSTSPANSSSTETPSNLDSCFASSSSTVEERPGLE
ALLPFQAGPLPPTERTLLDLDAEGQSQDSTVPLCRAELNTHRPAPYEIQQEFWS
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FIG. 10C

Human MLK2 coding sequence (SEQ ID NO:3; GenBank NM_002446)

ATGGAGGAGGAGGAGGGGGCGGTGGCCARGGAGTGGGGCACGACCCCCGCGGGGCCCGTCTGGACCGCGE
PGTTCGACTACGAGGCGGCGGECGACGAGGAGCTGACCCTGCGGAGGGGCGATCGCGTCCAGGTGCTTITC
CCAAGACTGTGCGGTGTCCGGCGACGAGGGCTGGTGGACCGGGCAGCTCCCCAGCGGCCGLGTGGGCGTC
TTCCCCAGCAACTACGTGGCCCCCGGCGCCCCCGCTGCACCCGCGGGCCTCCAGCTGCCCCAGGAGATCC
CCTTCCACGAGCTGCAGCTAGAGGAGATCATCGGETGTGGGGGGCTTTGGCAAGGTCTATCGGGCCCTGTG
GCGTGGCGAGGAGGTGGCAGTCARGGCCGCCCGGCTGGACCCTGAGAAGGACCCGGCAGTGACAGCGGAG
CAGGTGTGCCAGGAAGCCCGGCTCTTTGGAGCCCTGCAGCACCCCARCATAATTGCCCTTAGGGGCGCCT
GCCTCAACCCCCCACACCTCTGCCTAGTGATGGAGTATGCCCGGGGTGGTGCACTGAGCAGGGTGCTGGC
AGGTCGCCGGGTGCCACCTCACGTGCTGGTCARC TGGGCTGTGCAGGTGGCCCGGGGCATGARCTACCTA
CACAATGATGCCCCTGTGCCCATCATCCACCGGGACCTCARGTCCATCAACATCCTGATCCTGGAGGCCA
TCGAGAACCACAACCTCGCAGACACGGTGCTCAAGATCACGGACTTCGGCCTCGCCCGCGAGTGGCACARA
GACCACCAAGATGAGCGCTGCGGGGACCTACGCCTGGATGGCGCCGGAGGTTATCCGTCTCTCCCTICTTC
TCCAARAGCAGTGATGTCTGGAGCTTCGGGGTGCTGCTGTGGGAGCTGCTGACGGGGGAGGTCCCCTACC
GTGAGATCGACGCCTTGGCCGTGGCGTATGGCGTGGCTATGAATAAGCTGACGCTGCCCATTCCCTCCAL
GTGCCCCGAGCCCTTTGCCCGCCTCCTGGAGGAATGC TGGGACCCAGACCCCCACGGGCGGCCAGATTTC
GGTAGCATCTTGAAGCGGCTTGAAGTCATCGAACAGTCAGCCCTGTTCCAGATGCCACTGGAGTCCTTCC
ACTCGCTGCAGGAAGAC TGGAAGC TGGAGATTCAGCACATGTTTGATGACCTTCGGACCARGGAGARGGA
GCTTCGGAGCCGTGAGGAGGAGCTGCTGCGGGCGGCACAGGAGCAGCGCTTCCAGGAGGAGCAGCTGCGE
CGGCGGGAGCAGGAGCTGGCAGAACGTGAGATGGACATCGTGGAACGGGAGCTGCACCTGCTCATGTGCC
AGCTGAGCCAGGAGARGCCCCGGGTCCGCAAGCGCAAGGGCARCTTCAAGCGCAGCCGCCTGCTCAAGCT
GCGGGARAGGCGGCAGCCACATCAGCCTGCCCTCTGGCTTTGAGCATAAGATCACAGTCCAGGCCTCTCCA
ACTCTGGATAAGCGGRAAGGATCCGATGGGGCCAGCCCCCCTGCAAGCCCCAGCATCATCCCCCGGCTGA
GGGCCATTCGCCTGACTCCCGTGGACTGTGGTGGCAGCAGCAGTGGCAGCAGCAGTGGAGGARGTGGGAC
ATGGAGCCGCGGTGGGCCCCCARAGAAGGAAGRAACTGGTCGGGGGCAAGARGAAGGGACGAACGTGGGGG
CCCAGCTCCACCCTGCAGARGGAGCGGG TGGGAGGAGAGGAGAGGC TGAAGGGGCTGGGGGAARGGAAGCA
AACAGTGGTCATCAAGTGCCCCCAACCTGGGCARGTCCCCCAAACACACACCCATCGCCCCTGGCTTCGL
CAGCCTCAATGAGATGGAGGAGTTCGCGGAGGCAGAGGATGGAGGCAGCAGCGTGCCCCCTTCCCCCTAC
TCGACCCCGTCCTACCTCTCAGTGCCACTGCCTGCCGAGCCCTCCCCGGGEGGCGCGGGCGCCETGGGAGT
CGACGCCGTCCGCGCCCCCCGCTCGGTGGGGACACGGCGCCCGGCGGCGCTGCGACCTGGCGCTGCTAGG
CTGCGCCACGCTGCTGGGGGCTGTGGECCTGGGCGCCEACGTGGCCGAGGCGCGCGCGGCCGACGGTGAG
GAGCAGCGGCGCTGGCTCGACGGCCTCTTCTTTCCCCGCGCCGGCCGCTTCCCGCGGGGCCTCAGCCCAL
CCGCGCGTCCCCACGGCCGCCGCGARGACGTGGECCCCGGCCTIGEGCCTGGCGCCCTCGGCCACCCTCGT
GTCGCTGTCGTCCGTGTCCGACTGCAACTCCACGCGTTCACTGCTGCGCTCTGACAGTGACGAGGCCGCA
CCGGCCGCGCCCTCCCCACCACCCTCCCCGCCCGCGCCCACACCCACGCCCTCGCCCAGCACCARACCCCC
TGGTGGACCTGGAGCTGGAGAGCTTCAAGAAGGACCCCCGCCAGTCGCTCACGCCCACCCACGTCACGGC
TGCATGCGCTGTGAGCCGCGGGCACCGGCGGACGCCATCGGATGGGGCGC TEGGGGCAGCGGGGGCCGCLT
GAGCCCGCGGGCCATGGCCCTGGCCCTCGTGACCTTCTGGACTTCCCCCGCCTGCCCGACCCCCAGGCCC
TGTTCCCAGCCCGCCGCCGGCCCCCTGAGT TCCCAGGCCGCCCCACCACCCTGACCTTTGCCCCGAGACC
TCGGECCGECTGCCAGTCGCCCCCGCTTGGACCCCTGGARACTGGTCTCCTTCGGCCGGACACTCACCATC
TCGCCTCCCAGCAGGCCAGACACTCCGGAGAGCCCTGGGCCCCCCAGCGTGCAGCCCACACTGCTGGACA
TGGACATGGAGGGGCAGAACCAAGACAGCACAGTGCCCCTGTGCGGGGCCCACGGCTCCCACTAA
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FIG. 10D

Human MLK2 polypeptide sequence (SEQ ID NO:4; GenBank NP_002437)

MEEEEGAVAKEWGTTPAGPVWTAVFDYEAAGDEELTLRRGDRVQVLSQDCAVSGDEGWWTGQLPSGRVGV
FPSNYVAPGAPAAPAGLQLPQEIPFHELQLEEI IGVGGFGKVYRALWRGEEVAVKAARLDPEKDPAVTAE
QVCOEARLFGALQHPNI IALRGACLNPPHLCLVMEYARGGALSRVLAGRRVPPHVLVNWAVQVARGMNYL
HNDAPVPIIHRDLKSINILILEAIENHNLADTVLKITDFGLAREWHKTTKMSAAGTYAWMAPEVIRLSLE
SKSSDVWSFGVLLWELLTGEVPYREIDALAVAYGVAMNKLTLPIPSTCPEPFARLLEECWDPDPHGRPDF
GSILKRLEVIEQSALFQMPLESFHSLOEDWKLEIQHMFDDLRTKEKELRSREEELLRAAQEQRFQEEQLR
RREQELAEREMDIVERELHLLMCQLSQEKPRVRKRKGNFKRSRLLKLREGGSHISLPSGFEHKITVQASP
TLDKRKGSDGASPPASPSIIPRLRAIRLTPVDCGGSSSGSSSGGSGTWSRGGPPKKEELVGGKKKGRTWG
PSSTLOKERVGGEERLKGLGEGSKQWSSSAPNLGKSPKHTPIAPGFASLNEMEEFAEAEDGGSSVPPSPY
STPSYLSVPLPAEPSPGARAPWE PTPSAPPARWGHGARRRCDLALLGCATLLGAVGLGADVAEARAADGE
EQRRWLDGLFFPRAGRFPRGLSPPARPHGRREDVGPGLGLAPSATLVSLSSVSDCNSTRSLLRSDSDEAA
PAAPSPPPSPPAPTPTPSPSTNPLVDLELE SFKKDPRQSLTPTHVTAACAVSRGHRRTPSDGALGQRGPP
EPAGHGPGPRDLLDFPRLPDPQALFPARRRPPEFPGRPTTLTFAPRPRPAASRPRLDPWKLVSFGRTLTI
SPPSRPDTPESPGPPSVQPTLLDMDMEGONQDSTVPLCGAHGSH
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FIG. 10E

Human MLK3 coding sequence (SEQ ID NO:§; GenBank NM_002419)

ATGGAGCCCTTGAAGAGCCTCTTCCTCAAGAGCCCTCTAGGGTCATGGARTGGCAGTGGCAGCGGGGGTG
GTGGGGGCGGTGGAGGAGGCCGGCCTGAGGGGTCTCCAAAGGCAGCGGGTTATGCCAACCCGGTGTGGAC
AGCCCTGTTCGACTACGAGCCCAGTGGGCAGGATGAGCTGGCCCTGRGGAAGGGTGACCGTGTGGAGGTG
CTGTCCCGGGACGCAGCCATCTCAGGAGACGAGGGCTGGTGGGCGGGCCAGGTGGGTGGCCAGGTGGGCA
TCTTCCCGTCCAACTATGTGTCTCGGGGTGGCGGCCCGCCCCCCTGCGAGGTGGCCAGCTTCCAGGAGCT
GCGGCTGGAGGAGGTGATCGGCATTGGAGGCTTTIGGCAAGGTGTACAGGGGCAGCTGGCGAGGTGAGCTG
GTGGCTGTGAAGGCAGCTCGCCAGGACCCCGATGAGGACATCAGTGTGACAGCCGAGAGCGTTCGCCAGG
AGGCCCGGCTCTTCGCCATGCTGGCACACCCCARCATCATTGCCCTCAAGGCTGTGTGCCTGGAGGAGCC
CAACCTGTGCCTGGTGATGGAGTATGCAGCCGGTGGGCCCCTCAGCCGAGCTCTGGCCGGGCGGCGCGTG
CCTCCCCATGTGCTGGTCARCTGGGCTGTGCAGATTGCCCGTGGGATGCACTACCTGCACTGCGAGGCCC
TGGTGCCCGTCATCCACCGTGATCTCAAGTCCARCAACATTTTGCTGCTGCAGCCCATTGAGAGTGACGA
CATGGAGCACAAGACCCTGAAGATCACCGACTTTGGCCTGGCCCGAGAGTGGCACAARACCACACAAATG
AGTGCCGCGGGCACCTACGCCTGGATGGCTCCTGAGGTTATCAAGGCCTCCACCTTCTCTARGGGCAGTG
ACGTCTGGAGTTTTGGGGTGCTGCTGTGGGAACTGCTGACCGGGGAGGTGCCATACCGTGGCATTGACTG

" CCTTGCTGTGGCCTATGGCGTAGCTGTTAACAAGCTCACACTGCCCATCCCATCCACCTGCCCCGAGCCC
TTCGCACAGCTTATGGCCGACTGCTGGGCGCAGGACCCCCACCGCAGGCCCGACTTCGCCTCCATCCTGC
AGCAGTTGGAGGCGCTGGAGGCACAGGTCCTACGGGAAATGCCGCGGGACTCCTTCCATTCCATGCAGGA
AGGCTGGAAGCGCGAGATCCAGGGTCTCTTCGACGAGCTGCGAGCCAAGGAAARGGAACTACTGAGCCGC
GAGGAGGAGCTGACGCGAGCGGCGCGCGAGCAGCGGTCACAGGCGGAGCAGCTGCGGCGGCGCGAGCALT
TGCTGGECCCAGTGGGAGCTAGAGGTGTTCGAGCGCGAGCTGACGCTGCTGCTGCAGCAGGTGGACCGCGA
GCGACCGCACGTGCGCCGCCGCCGCGGGACATTCARGCGCAGCARGCTCCGGGCGCGCGACGGLGGCGAG
CGTATCAGCATGCCACTCGACTTCAAGCACCGCATCACCGTGCAGGCCTCACCCGGCCTTGACCGGAGGR
GAAACGTCTTCGAGGTCGGGCCTGGGGATTCGCCCACCTTTCCCCGGTTCCGAGCCATCCAGTTGGAGCC
TGCAGAGCCAGGCCAGGCATGGGGCCGCCAGTCCCCCCGACGTCTGGAGGACTCARGCAATGGAGAGCGE
CGAGCATGCTGGGCTTGGGGTCCCAGTTCCCCCAAGCCTGGGGAAGCCCAGAATGGGAGGAGRAGGTCCC
GCATGGACGAAGCCACATGGTACCTGGATTCAGATGACTCATCCCCCTTAGGATCTCCTTCCACACCCCC
AGCACTCAATGGTAACCCCCCGCGGCCTAGCCTGGAGCCCGAGGAGCCCAAGAGGCCTGTCCCCGCAGAG
CGCGGTAGCAGCTCTGGGACGCCCAAGCTGATCCAGCGGECGCTGCTGCGCGGCACCGCCCTGCTCGCCT
CGCTGGGCCTTGGCCGCGACCTGCAGCCGCCGGGAGGCCCAGGACGCGAGCGCGGGGAGTCCCCGACAAL
ACCCCCCACGCCAACGCCCGCGCCCTGCCCGACCGAGCCGCCCCCTTCCCCGCTCATCTGCTTCTCGCTC
AAGACGCCCGACTCCCCGCCCACTCCTGCACCCCTGTTGCTGGACCTGGGTATCCCTGTGGGCCAGCGGT
CAGCCAAGAGCCCCCGACGTGAGGAGGAGCCCCGCGGAGGCACTGTCTCACCCCCACCGGGGACATCACG
CTCTGCTCCTGGCACCCCAGGCACCCCACGTTCACCACCCCTGGGCCTCATCAGCCGACCTCGGCCCTCG
CCCCTTCGCAGCCGCATTGATCCCTGGAGCTTTGTGTCAGCTGGGCCACGGCCTTCTCCCCTGCCATCAC
CACAGCCTGCACCCCGCCGAGCACCCTGGACCTTGTTCCCGGRACTCAGACCCCTTCTGGGACTCCCCACC
TGCCAACCCCTTCCAGGGGGGCCCCCAGGACTGCAGGGCACAGACCRARGACATGGGTGCCCAGGCCCCG
TGGGTGCCGGAAGCGGGGCCTTGA
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FIG. 10F

Human MLK3 polypeptide sequence (SEQ ID NO:6; GenBank NP_002410)

MEPLKSLFLKSPLGSWNGSGSGGGGGGGGGRPEGSPKAAGYANPVWTALFDYEPSGODELALRKGDRVEV
LSRDAAISGDEGWWAGQVGGQVGIFPSNYVSRGGGPPPCEVASFQELRLEEVIGIGGFGKVYRGSWRGEL
VAVKAARQDPDEDISVTAESVRQEARLFAMLAHPNI IALKAVCLEEPNLCLVMEYARAGGPLSRALAGRRV
PPHVLVNWAVQIARGMHYLHCEALVPVIHRDLKSNNILLLQPIESDDMEHKTLKITDFGLAREWHKTTQM
SAAGTYAWMAPEVIKASTFSKGSDVWSFGVLLWELLTGEVPYRGIDCLAVAYGVAVNKLTLPIPSTCPEP
FAQLMADCWAQDPHRRPDFAS ILQQLEALEAQVLREMPRDS FHSMOEGWKREIQGLFDELRAKEKELLSR
EEELTRAAREQRSQAEQLRRREHLLAQWELEVFERELTLLLQQVDRERPHVRRRRGTFKRSKLRARDGGE
RISMPLDFKHRITVQASPGLDRRRNVFEVGPGDSPTFPRFRAIQLEPAEPGQAWGRQSPRRLEDSSNGER
RACWAWGPSSPKPGEAQNGRRRSRMDEATWYLDSDDSSPLGSPSTPPALNGNPPRPSLEPEEPKRPVPAE
RGSSSGTPKLIQRALLRGTALLASLGLGRDLOPPGGPGRERGESPTTPPTPTPAPCFTEPPPSPLICFSL
KTPDSPPTPAPLLLDLGIPVGQRSAKSPRREEEPRGGTVSPPPGTSRSAPGTPGTPRSPPLGLISRPRPS
PLRSRIDPWSFVSAGPRPSPLPS PQPAPRRAPWTLFPDSDPFWDSPPANPFQGGPQDCRAQTKDMGAQAP
WVPEAGP
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FIG. 10G

Human MLK4 coding sequence (SEQ ID NO:7; GenBank NM_032435)

ATGGCTTTGCGGGGCGCCGCGGGAGCGACCGACACCCCGGTGTCCTCGGCCGGGGGAGCCCCCGGCEGCT
CAGCGTCCTCGTCGTCCACCTCCTCGGGCGGCTCGGCCTCGGCGEGCGCGGGGCTGTGGGCCGCGCTCTA
TGACTACGAGGCTCGCGGCGAGGACGAGCTGAGCCTGCGGCGCGGCCAGCTGGTGGAGGTGTTGTCGCAG
GACGCCGCCGTGTCGGGCGACGAGGGCTGGTGGGCAGGCCAGGTGCAGCGGCGCCTCGGCATCTTCCCCG
CCAACTACGTGGCTCCCTGCCGCCCGGCCGCCAGCCCCGCGCCGCCGCCCTCGCGGCCCAGCTCCCCGGT
ACACGTCGCCTTCGAGCGGCTGGAGC TGARGGAGCTCATCGGCGCTGGGGECTTCGGGCAGGTGTACCGC
GCCACCTGGCAGGGCCAGGAGGTGGCCGTGAAGGCGGCGCGCCAGGACCCGGAGCAGGACGCGGCGGLGE
CTGCCGAGAGCGTGCGGCGCGAGGCTCGGCTCTTCGCCATGCTGCGGCACCCCAACATCATCGAGCTGCG
CGGCGTGTGCCTGCAGCAGCCGCACCTCTGCCTGGTGCTGGAGTTCGCCCGCGGCGGAGCGCTCRAACCGA
GCGCTGGCCGCTGCCARACGCCGCCCCGGRACCCGCGCGCGCCCEGCCCCCGCCGCGCGCGCCGCATCCCTC
CGCACGTGCTGGTCARCTGGGCCGTGCAGATAGCGCGGGGCATGCTCTACCTGCATGAGGAGGCCTTCGT
GCCCATCCTGCACCGGGACCTCAAGTCCAGCAACATTTTGCTACTTGAAGAGATAGAACATGATGACATC
TGCAATAARACTTTGAAGATTACAGATTTTGGGT TGGCGAGGGAATGGCACAGGACCACCAARATGAGCA
CAGCAGGCACCTATGCCTGGATGGCCCCCGAAGTGATCARGTCTTCCTTGTTTTCTAAGGGAAGCGACAT
CTGGAGCTGTGGAGTGCTGCTGTGGGAACTGCTCACCGGAGARGTCCCCTATCGGGGCATTGATGGCCTC
GCCGTGGCTTATGGGGTAGCAGTCAATAAACTCACTTTGCCCATICCATCCACCTGCCCTGAGCCGTTTG
CCAAGCTCATGAAAGAATGCTGGCAACARGACCCTCATATTCGTCCATCGTTTGCCTTAATTCTCGAACA
GTTGACTGCTATTGAGGGGGCAGTGATGACTGAGATGCCTCAAGAATCTTTTCATTCCATGCAAGATGAC
TGGAAACTAGAAATTCAACAAATGTTTGATGAGT TGAGAARCAAAGGAAAAGGAGCTGCGATCCCGGGAAG
AGGAGCTGACTCGGGCGGC TCTGCAGCAGAAGTCTCAGGAGGAGCTGCTARAAGCGGCGTGAGCAGCAGCT
GGCAGAGCGCGAGATCGACGTGC TGGAGCGGGARCTTAACATTCTGATATTCCAGCTAAACCAGGAGARG
CCCAAGGTAAAGAAGAGGAARGGGCAAGTTTAAGAGAAGTCGTTTAARGCTCAAAGATGGACATCGAATCA
GTTTACCTTCAGATTTCCAGCACAAGATAACCGTGCAGGCCTCTCCCAACTTGGACAAACGGCGGAGCCT
GAACAGCAGCAGTTCCAGTCCCCCGAGCAGCCCCACARTGATGCCCCGACTCCGAGCCATACAGTTGACT
TCAGATGAAAGCAATAARACTTGGGGAAGGAACACAGTCTTTCGACRAGAAGAATTTGAGGATGTAARAAR
GGAATTTTARAGAAAARAGGTTGTACCTGGGGACCARATTCCATTCARATGARAGATAGAACAGATTGCAA
AGAAAGGATAAGACCTCTCTCCGATGGCAACAGTCCTTGGTCAACTATCTTAATAAAAAATCAGRARACC
ATGCCCTTGGCTTCATTGTTTGTGGACCAGCCAGGGTCCTGTGAAGAGCCAAAACTTTCCCCTGATGGAT
TAGAACACAGAAAACCAARAACAAATAAAATTGCCTAGTCAGGCCTACATTGATCTACCTCTTGGGAAAGA
TGCTCAGAGAGAGAATCCTGCAGAAGCTGGAAGC TGGGAGGAGGCAGCCTCTGCGAATGCTGCCACAGTC
ACCATTGAGATGGCTCCTACGAATAGTCTGAGTAGATCCCCCCAGAGAAAGAARACGGAGTCAGCTCTGT
ATGGGTGCACCGTCCTTCTGGCATCGGTGGCTCTIGGGACTGGACCTCAGAGAGCT TCATARAGCACAGGL
TGCTGAAGAACCGTTGCCCAAGGARGAGAAGRAGARACGAGAGGGAATCTTCCAGCGGGCTTCCAAGTCC
CGCAGAAGCGCCAGTCCTCCCACAAGCCTGTCATCCACCTGTGGGGAGGCCAGCAGCCCACCCTCCCTGC
CACTGTCAAGTGCCCTGGGCATCCTCTCCACACCTTCTTTCTCCACAAAGTGCCTGCTGCAGATGGACAG
TGAAGATCCACTGGTGGACAGTGCACCTGTCACTTGTGACTCTGAGATGCTCACTCCGGATTTTTGTCCC
ACTGCCCCAGGAAGTGGTCGTGAGCCAGCCCTCATGCCARGACTTGACACTGATTGTAGTGTATCARGAA
ACTTGCCGTCTTCCTTCCTACAGCGGACATGTGGGAATGTACCTTACTGTGCTTCTTCAARACATAGACC
ATCACATCACAGACGGACCATGTCTGATGGAAATCCGACCCCAACTGGTGCAACTATTATCTCAGCCACT
GGAGCCTCTGCACTGCCACTCTGCCCCTCACCTGCTCCTCACRGTCATCTGCCAAGGGAGGTCTCACCCA
AGAAGCACAGCACTGTCCACATCGTGCCTCAGCGTCGCCCTGCCTCCCTGAGARGCCGCTCAGATCTGCC
TCAGGCTTACCCACAGACAGCAGTGTCTCAGCTGGCACAGACTGCCTGTGTAGTGGGTCGCCCAGGACCA
CATCCCARCCCAATTCCTCGCTGCCAAGGAGAGAACTAARATCCCATGTGCCTTCATTACTGGATGTTGACG
TGGAAGGTCAGAGCAGGGACTACACTGTGCCACTGGGTAGAATGAGGAGCARARCCAGCCGGCCATCTAT
ATATGARCTGGAGAAAGAATTCCTGTCTTAA
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FIG. 10H

Human MLK4 polypeptide sequence (SEQ ID NO:8; GenBank NP_115811)

MALRGAAGATDTPVSSAGGAPGGSASSSSTSSGGSASAGAGLWAALYDYEARGEDELSLRRGQLVEVLSQ
DAAVSGDEGWWAGQVQRRLGIFPANYVAPCRPAASPAPPPSRPSSPVHVAFERLELKELIGAGGFGQVYR
ATWOGQEVAVKAARQDPEQDAAAAAESVRREARLFAMLRHPNI IELRGVCLQQPHLC LVLEFARGGARLNR
ALAAANAAPDPRAPGPRRARRIPPHVLVNWAVQIARGMLYLHEEAFVPILHRDLKSSNILLLEEIEHDDI
CNKTLKITDFGLAREWHRTTKMSTAGTYAWMAPEVIKSSLFSKGSDIWSCGVLLWELLTGEVPYRGIDGL
AVAYGVAVNKLTLPIPSTCPEPFAKLMKECWQQDPHIRPSFALILEQLTAIEGAVMTEMPQESFHSMODD
WKLEIQOMFDELRTKEKELRSREEELTRAALQQOKSQEELLKRREQQLAEREIDVLERELNILIFQLNQEK
PKVKKRKGKFKRSRLKLKDGHRISLPSDFQHKITVQASPNLDKRRSLNSSSSSPPSSPTMMPRLRAIQLT
SDESNKTWGRNTVFRQEEFEDVKRNFKKKGCTWGPNS IQMKDRTDCKERIRPLSDGNSPWSTILIKNQKT
MPLASLFVDQPGSCEEPKLSPDGLEHRKPKQIKLPSQAYIDLPLGKDAQRENPAEAGSWEEAARSANAATV
TIEMAPTNSLSRSPORKKTESALYGCTVLLASVALGLDLRELHKAQAAEEPLPKEEKKKREGIFQORASKS
RRSASPPTSLSSTCGEASSPPSLPLSSALGILSTPSFSTKCLLOMDSEDPLVDSAPVTCDSEMLTPDFCE
TAPGSGREPALMPRLDTDCSVSRNLPSSFLQRTCGNVPYCASSKHRPSHHRRTMSDGNPTPTGATIISAT
GASALPLCPSPAPHSHLPREVSPKKHSTVHIVPQRRPASLRSRSDLPQAYPQTAVSQLAQTACVVGRPGP
HPTQFLAAKERTKSHVPSLLDVDVEGQSRDYTVPLGRMRSKTSRPSIYELEKEFLS
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MIXED LINEAGE KINASES AND
METABOLIC DISORDERS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is the U.S. national stage under 35 USC
§371 of International Application Number PCT/US2008/
066350, filed on Jun. 9, 2008, which claims the benefit under
35 USC §119(e) to U.S. Provisional Patent Application Ser.
No. 60/933,799, filed on Jun. 8, 2007, the entire contents of
which are hereby incorporated by reference.

TECHNICAL FIELD

This invention relates to the treatment of metabolic disor-
ders using kinase inhibitors.

BACKGROUND

Obesity is a world-wide health problem that is associated
with metabolic syndrome, including insulin resistance and
the development of type 2 diabetes (Boden, 2003, Exp. Clin.
Endocrinol. Diabetes, 111:121-124). Obesity is associated
with increased blood levels of free fatty acids (FFA). This
increase in FFA is considered to be a causative link between
obesity and insulin resistance (Arner, 2002, Diabetes Metab.
Res. Rev., 18 Suppl. 2:S5-9; Boden, 2006, Curr. Diab. Rep.
6:177-181; Kahn et al., 2006, Nature, 444:840-846; Kovacs
and Stumvoll, 2005, Best Pract. Res. Clin. Endocrinol.
Metab., 19:625-635). The mechanism that accounts for FFA-
induced insulin resistance is incompletely understood. How-
ever, activation of the cJun NH,-terminal kinase (JNK) stress
signaling pathway appears to play a major role in the devel-
opment of obesity-induced insulin resistance (Hirosumi et al.,
2002, Nature, 420:333-336). One molecular mechanism that
contributes to INK-induced insulin resistance is the phospho-
rylation of the insulin receptor adapter protein IRS1 on the
inhibitory site Ser-307 (Aguirre et al., 2000, J. Biol. Chem.,
275:9047-9054; Aguirre et al., 2002, J. Biol. Chem. 277:
1531-1537; Lee et al., 2003, J. Biol. Chem. 278:2896-2902).
FFA-stimulated JNK signaling is therefore an important
physiological mechanism of insulin resistance.

SUMMARY

This invention is based, at least in part, on the surprising
discovery that mixed lineage kinases (MLLKs) mediate FFA-
stimulated JNK activation.

Accordingly, this disclosure includes methods of inhibit-
ing FFA-stimulated JNK activation in a cell. The methods
include administering FFA to a cell (e.g., a mammalian cell or
a human cell) that expresses both an MLK (e.g., MLK1,
MLK2, MLK3, or MLK4) and a JNK, and further adminis-
tering to the cell a composition that specifically inhibits the
expression or activity of the MLK.

This disclosure also includes methods of treating one or
more metabolic stress disorders in a subject. The methods
include identifying a subject (e.g., 2 mammal or a human)
having or at risk for a metabolic stress disorder (e.g., insulin
resistance, metabolic syndrome, type 2 diabetes, or a fatty
liver disease (e.g., steatosis or steatohepatitis)), and adminis-
tering to the subject a therapeutically effective amount of a
composition that specifically inhibits the expression or activ-
ity of one or more MLKs (e.g., one or more of MLK1, MLLK2,
MLK3, and MLK4). In some embodiments, the composition
is a general inhibitor of MLK activity. In some embodiments,
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2

the composition includes one or more agents that each spe-
cifically inhibit the expression or activity of a MLK (e.g.,
MLK1, MLK2, MLK3, and MLK4).

The disclosure also includes compositions that specifically
inhibits the expression or activity of one or more MLKs (e.g.,
one or more of MLK1, MLLK2, MLLK3, and MILK4) for use in
medical treatment.

The disclosure also includes the use of a composition that
specifically inhibits the expression or activity of one or more
MILKs (e.g., one or more of MLK1, MLK2, MLK3, and
MLK4) in the preparation of a medicament for the treatment
or prevention of a metabolic stress disorder, e.g., insulin
resistance, metabolic syndrome, type 2 diabetes, or a fatty
liver disease (e.g., steatosis or steatohepatitis).

The disclosure also includes the use of a composition that
specifically inhibits the expression or activity of one or more
MILKs (e.g., one or more of MLK1, MLK2, MLK3, and
MLK4) for the treatment or prevention of a metabolic stress
disorder, e.g., insulin resistance, metabolic syndrome, type 2
diabetes, or a fatty liver disease (e.g., steatosis or steatohepa-
titis).

In some embodiments, the composition is a specific inhibi-
tor of MLK activity. For example, the MLK activity inhibitor
can be a small molecule, e.g., an indolocarbazole MLK
inhibitor, e.g., CEP-1347, CEP-11004, or K252a. In another
example, the MLK inhibitor is an antibody or antigen binding
fragment thereof, e.g., the antibody or antigen binding frag-
ment thereof is an intrabody. In some embodiments, admin-
istration of an antibody includes administering to the subject
or one or more cells of the subject a nucleic acid that encodes
the antibody.

In some embodiments, the composition is a specific inhibi-
tor of MLK expression. For example, the MLK expression
inhibitor can be an inhibitory nucleic acid (e.g., an antisense
nucleic acid or a mediator of RNA inhibition (RNA1)).

This disclosure also includes methods of identifying can-
didate compounds for treatment of a metabolic stress disorder
(e.g., insulin resistance, metabolic syndrome, type 2 diabetes,
or a fatty liver disease (e.g., steatosis or steatohepatitis)). The
methods include (i) contacting an MLK protein (e.g., MLK1,
MLK2, MLK3, or MLK4), or a fragment thereof, with a test
compound; and (ii) determining whether the test compound
binds to the MLK or fragment thereof; wherein a test com-
pound that binds to the MLK or fragment thereof is a candi-
date compound for treatment of a metabolic stress disorder.

In another aspect, a method of identifying a candidate
compound for treatment of a metabolic stress disorder (e.g.,
insulin resistance, metabolic syndrome, type 2 diabetes, or a
fatty liver disease (e.g., steatosis or steatohepatitis)) includes:
(1) measuring the level of an activity of an MLK protein (e.g.,
MLK1, MLK2, MLK3, or MLLK4), or a fragment thereof
having said MLK activity, in the presence and absence of a
test compound; and (ii) comparing a level of MLK activity in
the presence of the compound with a level of MLK activity in
the absence of the compound, wherein a decrease in MLK
activity in the presence of the compound indicates that the
compound is a candidate compound for treatment of a meta-
bolic stress disorder.

In another aspect, a method of identifying a candidate
compound for treatment of a metabolic stress disorder (e.g.,
insulin resistance, metabolic syndrome, type 2 diabetes, or a
fatty liver disease (e.g., steatosis or steatohepatitis)) includes:
providing a cell expressing an MLK (e.g., MLK1, MLK2,
MLK3, or MLK4) nucleic acid or protein; contacting the cell
with a test compound; and detecting an effect of the test
compound on levels of expression of the MLK nucleic acid or
protein. A test compound that decreases expression of the
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MLK nucleic acid or protein is a candidate compound for
treatment of a metabolic stress disorder.

In yet a further aspect, the methods can include providing
a cell expressing a reporter construct comprising a promoter
region of a gene encoding an MLK linked to a reporter gene,
such that expression of the reporter gene is indicative of
expression driven by the promoter region; contacting the cell
with a test compound; and detecting an effect of the test
compound on levels of expression of the reporter gene. A test
compound that decreases expression of the reporter gene is a
candidate compound for treatment of a metabolic stress dis-
order.

In some embodiments, a candidate compound for treat-
ment of a metabolic stress disorder is further evaluated by
administering the test compound to an animal model of a
metabolic stress disorder (e.g., a mouse fed a high fat diet, a
mouse fed a methionine-choline-deficient diet, or an ob/ob
mouse) and evaluating one or more metabolic parameters in
the animal. The candidate compound can separately be evalu-
ated by administering FFA and the test compound to a cell
(e.g., a mammalian cell or a human cell) that expresses an
MIK (e.g., MLK1, MLK2, MLK3, or M.LK4) and evaluating
the expression or activity of the MLK in the cell.

This disclosure also includes methods of diagnosing a
metabolic stress disorder in a subject. The methods include
identifying a subject suspected of being at risk for or having
a metabolic stress disorder; and evaluating the expression or
activity of one or more MLKs (e.g., MLK1, MLK2, MLK3,
or MLK4) in a cell or tissue of the subject. In some embodi-
ments, the cell or tissue is a metabolic cell (e.g., an adipose
cell, a hepatic cell, a pancreatic cell (e.g., a pancreatic 3 cell),
a muscle cell, or a brain cell) or a metabolic tissue (e.g.,
adipose tissue, liver tissue, pancreatic tissue (e.g., pancreatic
islet tissue), muscle tissue, or brain tissue). In some embodi-
ments, evaluating expression or activity of the one or more
MILKs involves evaluating the phosphorylation state of the
one or more MLKs in the cell or tissue or evaluating the
phosphorylation state of a downstream effector of the one or
more MLKs (e.g., MKK4, MKK7, INK or IRS1) in the cell or
tissue. In some embodiments, an increase or decrease in
expression or activity of the MK as compared to a control is
an indication that the subject is at risk for or has a metabolic
stress disorder.

The disclosure also includes compositions and kits for
diagnosing a metabolic stress disorder in a subject. These
compositions and kits include an agent suitable for evaluating
the expression or activity of one or more MLKSs (e.g., MLK1,
MLK2, MLK3, or MLLK4) in a cell or tissue of the subject. In
some embodiments, the cell or tissue is a metabolic cell (e.g.,
an adipose cell, a hepatic cell, a pancreatic cell (e.g., a pan-
creatic f§ cell), a muscle cell, or a brain cell) or a metabolic
tissue (e.g., adipose tissue, liver tissue, pancreatic tissue (e.g.,
pancreatic islet tissue), muscle tissue, or brain tissue). In
some embodiments, evaluating expression or activity of the
one or more MLKs involves evaluating the phosphorylation
state of the one or more MLKs in the cell or tissue or evalu-
ating the phosphorylation state of a downstream effector of
the one or more MLKs (e.g., MKK4, MKK7, INK or IRS1)in
the cell or tissue. In some embodiments, an increase or
decrease in expression or activity of the MLK as compared to
a control is an indication that the subject is at risk for or has a
metabolic stress disorder.

Unless otherwise defined, all technical and scientific terms
used herein have the same meaning as commonly understood
by one of ordinary skill in the art to which this invention
belongs. Although methods and materials similar or equiva-
lent to those described herein can be used in the practice or
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testing of the present invention, suitable methods and mate-
rials are described below. All publications, patent applica-
tions, patents, and other references mentioned herein are
incorporated by reference in their entirety. In case of conflict,
the present specification, including definitions, will control.
In addition, the materials, methods, and examples are illus-
trative only and not intended to be limiting.

The details of one or more embodiments of the invention
are set forth in the accompanying drawings and the descrip-
tion below. Other features, objects, and advantages of the
invention will be apparent from the description and drawings,
and from the claims.

DESCRIPTION OF DRAWINGS

FIG. 1A is a set of three gels depicting expression of INK
and a-tubulin (Tubulin) and in vitro kinase activity (KA) on
cJun (cJun-P) in MEF treated with 0.5 mM for the indicated
times. The bar graph depicts relative kinase activity.

FIG. 1B is a set of three gels depicting expression of INK
and a-tubulin (Tubulin) and in vitro kinase activity (KA) on
cJun (cJun-P) in MEF treated with the indicated concentra-
tions of palmitate for 16 hours. The bar graph depicts relative
kinase activity.

FIG. 1C is a set of three gels depicting expression of INK
and a-tubulin (Tubulin) and in vitro kinase activity (KA) on
clun (cJun-P) in MEF treated for 16 hours with 0.5 mM
linoleate (18:2), oleate (18:1), palmitate (16:0), stearic acid
(18:0), and an ethanol solvent control (EtOH). The bar graph
depicts relative kinase activity.

FIGS. 2A-2C are sets of three gels depicting in vitro kinase
activity (KA) on cJun (cJun-P) and expression of JNK and
a-tubulin (Tubulin) in wild type (WT) or the indicated mutant
MEFs treated with 0.5 mM oleic acid (18:1) or 0.5 mM
palmitic acid (16:0) for 16 hours. FIG. 2A, WT and Mkk4™"~
MEF. FIG. 2B, WT and Mkk7~"~ MEF. FIG. 2C, WT and
Mkk4~~ Mkk7~"~ MEF.

FIG. 3A is a set of two immunoblots depicting phospho-
rylation of the MLLK3 T-loop (Thr277 and Ser281)(MLK3-P)
and expression of MLK3 in wild-type MEF treated for 16
hours with 0.5 mM palmitic acid (+ FFA).

FIGS. 3B-3D are sets of three immunoblots depicting
phosphorylation and expression of the indicated proteins in
WT and MIk3~~ MEF treated with 0.5 mM oleic acid (18:1)
or 0.5 mM palmitic acid (16:0) for 16 hours. In each figure,
expression of a-tubulin is shown as a control. FIG. 3B, INK.
FIG. 3C, p38. FIG. 3D, ERK1/2.

FIG. 4A is a set of three gels depicting in vitro kinase
activity (KA) on cJun (cJun-P) and expression of JNK and
o.-tubulin (Tubulin) in WT and M1k3~~ MEF treated with 0.5
mM oleic acid (18:1) or 0.5 mM palmitic acid (16:0) for 16
hours. The bar graph depicts relative kinase activity.

FIG. 4B is a set of two immunoblots depicting phosphory-
lation (AKT-P) and expression of AKT in WT and MIk3~"~
MEF. MEF were pretreated for 16 hours with BSA or 0.5 mM
palmitate. After incubation with 100 nM insulin for 30 min-
utes, the cells were harvested and AKT expression and phos-
phorylation at Ser-473 were examined by immunoblot analy-
sis. The bar graph depicts relative AKT phosphorylation.

FIGS. 5A and 5B are sets of three immunoblots depicting
phosphorylation of the MLK3 T-loop (Thr277 and Ser281)
(MLK3-P) and expression of MLLK3 in adipose tissue of mice
maintained for 16 weeks on a standard diet or on a high fat diet
(HFD). Expression of a-tubulin is shown as a control. FIG.
5A, white epididymal adipose tissue (WAT). FIG. 5B, brown
interscapular adipose tissue (BAT).
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FIGS.5C and 5D are sets of three gels depicting expression
of MLK3 and JNK and in vitro kinase activity (KA) on cJun
(clun-P) in adipose tissue of wild-type (WT) and MIk3~'~
(KO) mice maintained for 16 weeks on a standard diet (-,
Chow) and on a high fat diet (+, HFD). The bar graphs depict
relative kinase activity. FIG. 5C, white adipose tissue. FIG.
5D, brown adipose tissue.

FIGS. 5E and 5F are representative histological sections of
adipose tissue stained with hematoxylin and eosin from wild-
type (WT) and MIk3~"~ mice fed a standard diet (Chow) or
high fat diet (HFD) for 16 weeks. FIG. 5E, white adipose
tissue. FIG. 5F, brown adipose tissue.

FIG. 6A shows two sets of two immunoblots depicting
phosphorylation of IRS1 on Ser-307 (S307-P) and IRS1
expression in white epididymal adipose tissue (WAT) and
brown interscapular adipose tissue (BAT) of WT and M1k3 ™~
mice maintained for 16 weeks on a standard diet (-) or on a
high fat diet (+, HFD).

FIG. 6B shows two sets of three immunoblots depicting
tyrosine phosphorylated IRS1 (Tyr-P), IRS1 phosphorylated
on Ser-307 (5307-P), and IRS1 expression in white epididy-
mal adipose tissue (WAT) and brown interscapular adipose
tissue (BAT) of WT and MIk3~"~ mice fasted overnight and
then treated for 30 minutes with insulin (1.5 units/Kg).

FIG. 7A is a set of three immunoblots depicting phospho-
rylation (PKC-P) and expression of PKCdin WT and MIk3~"~
MEF treated for 16 hours with BSA or with 0.5 mM oleic acid
(18:1) or 0.5 mM palmitic acid (16:0). Expression of c.-tubu-
lin is shown as a control.

FIG. 7B is a set of three gels depicting in vitro kinase
activity (KA) on cJun (cJun-P) and expression of flag-tagged
JNK1 (Flag-JNK1) and PKC in HEK293 cells in which flag-
tagged JINK1 was co-expressed with constitutively active
(CA) or kinase-inactive (KD) PKCe.

FIG. 7C is a set of nine gels depicting expression of PKCa,
PKC9, PKCe, MLK3, phospho-MLK3 (MLK3-P), INK, and
Tubulin and in vitro kinase activity (KA) on cJun (cJun-P) of
PKGC ™'~ MEF pretreated with 1 uM TPA for 24 hours and
then treated with 0.5 mM palmitate for 16 hours.

FIG. 7D is a schematic illustration of a JNK signaling
pathway that is activated by saturated FFA and is mediated by
PKC, MLK, and MKK4/7. S, T, and Y indicate sites of serine,
threonine, and tyrosine phosphorylation, respectively, on
JNK.

FIGS. 8A-8C depict metabolic parameters of wild-type
and MIk3~'~ male mice maintained on a standard (Chow) or a
high fat diet (HFD) at 0, 6, 12, and 16 weeks. FIG. 8 A is aline
graph depicting changes in body weight. FIG. 8B is a bar
graph depicting changes in fasting blood glucose concentra-
tion. FIG. 8C is a bar graph depicting fasting plasma insulin
concentration. Results are presented as mean+SEM, n=10 per
group.

FIG. 9A is a set of two gels depicting JNK expression and
in vitro kinase activity (KA) on cJun (cJun-P) in the liver of
wild-type (WT) and MIk3~'~ (KO) mice maintained for 16
weeks on a standard diet (Chow) or on a high fat diet (HFD).

FIG. 9B is a set of four photomicrographs depicting histo-
logical sections of liver stained with hematoxylin and eosin
from wild-type (WT, left column) and M1k3~" (right column)
mice fed a standard diet (Chow, top row) or high fat diet
(HFD, bottom row) for 16 weeks.

FIGS. 10A-10H are the coding and polypeptide sequences
for human MLK1 (FIGS. 10A-10B; SEQ ID NOs: 1 and 2),
MLK2 (FIGS. 10C-10D; SEQ ID NOs: 3 and 4), MLK3
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6
(FIGS. 10E-10F; SEQ ID NOs: 5 and 6), and MLK4 (FIGS.
10G-10H; SEQ ID NOs: 7 and 8).

DETAILED DESCRIPTION

The results of the present study demonstrate, inter alia, an
essential role of MLLK3 in the JNK signal transduction path-
way that is activated by FFA. This signaling pathway is impli-
cated in FFA-induced insulin resistance that is caused, in part,
by INK-mediated inhibitory phosphorylation of IRS1 on Ser-
307 (Weston and Davis, 2007, Curr. Opin. Cell Biol., 19:142-
149). This FFA signaling pathway is also implicated in ste-
atosis and the progression to steatohepatitis that is mediated,
in part, by JNK-dependent apoptosis (Malhi et al., 2006, J.
Biol. Chem., 281:12093-12101; Schattenberg et al., 2006,
Hepatology, 43:163-172). The present observations indicate
that drugs that target MLK enzymes (like CEP-1347) that can
be useful for therapy of neurodegenerative disease (Saporito
etal., 2002, Prog. Med. Chem., 40:23-62) can also be useful
for the treatment of FFA-induced metabolic stress disorders
(e.g., insulin resistance and steatohepatitis).

It is demonstrated herein that the ubiquitously expressed
MLK isoform MLK3 is essential for JNK activation caused
by FFA and obesity in MEF, brown fat, and liver (FIGS. 3-5,
9). However, MLLK3 is not essential in some other tissues,
including white fat (FIG. 5). Other MLK isoforms that are not
expressed ubiquitously (e.g., MLK1, MLK2, and MILK4) can
function redundantly with MLK3 in specific tissues. For
example, MLK1 is expressed in epithelial cells and MLK2 is
expressed in muscle (Gallo and Johnson, 2002, Nat. Rev.
Mol. Cell. Biol., 3:663-672). These members of the MLK
family can therefore contribute to the metabolic phenotype.

As used herein, the term “MLK” or “MLK protein” refers
to proteins, e.g., eukaryotic proteins, e.g., mammalian pro-
teins, including MLK1, MLK2, MLLK3 and MLK4 that are
characterized by an NH,-terminal-terminal SH3 domain, a
kinase domain, a leucine zipper domain, and a Cdc42/Racl
binding (CRIB) motif, functional domains, fragments (e.g.,
functional fragments), e.g., fragments of at least 8 amino
acids (e.g., atleast 8, 15, 20, 50, 100, 200, 300, 400, 500, 600,
700, or 800 amino acids) and variants thereof, as well as
fusion proteins that include any of the above proteins or
fragments and a heterologous sequence, e.g., an enzyme,
fluorescent protein, or purification tag. Exemplary MLK pro-
teins include those depicted in FIGS. 10A-10H. Variants of
MLK proteins will share at least 60% (e.g., at least 80%, 85%,
90%, 95%, 98%, or 99%) sequence identity to a known MLK
protein and, e.g., feature kinase activity.

The determination of percent identity between two amino
acid sequences is accomplished using the BLAST 2.0 pro-
gram, which is available to the public at ncbi.nlm.nih.gov/
BLAST. Sequence comparison is performed using an
ungapped alignment and using the default parameters (BLO-
SUM 62 matrix, gap existence costof 11, per residue gap cost
of'1, and alambda ratio 0f 0.85). The mathematical algorithm
used in BLAST programs is described in Altschul etal., 1997,
Nucleic Acids Research, 25:3389-3402.

Exemplary nucleotide and polypeptide sequences of
human MLKs are presented in FIGS. 10A-10H.

Small Molecule Inhibitors

A specific inhibitor of an MLK can be, e.g., a small mol-
ecule. Exemplary small molecules include those of the
indolocarbazole class, e.g., CEP-1347 (Maroney et al., 1998,
J. Neurosci., 18:104-11; Lund et al., 2005, J. Neurochem.
92:1439-51), CEP-11004 (Murakata et al., 2002, Bioorg.
Med. Chem. Lett., 12:147-50), and K252a (Catalog No.
420298, Calbiochem, San Diego, Calif.; Roux et al., 2002, J.
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Biol. Chem., 277:49473-80; Gerber et al., 2006, Cancer Res.,
66, 5295-5303). Exemplary small molecule inhibitors,
including those of the indolocarbazole class, are described in
U.S. Pat. No. 6,455,525; U.S. Pat. No. 6,630,500; U.S. Pat.
No. 6,811,992; U.S. Pat. No. 6,831,075; U.S. Pat. No. 6,841,
567; U.S. Pat. No. 7,074,793; U.S. Pat. No. 7,115,613; U.S.
Pat. No. 7,122,679; U.S. Pat. No. 7,169,802; US 2005/
0137245; US 2005/0209299; US 2006/0128780; US 2006/
0135590; US 2006/0247294; and US 20060276497.
Antibodies

Immunoglobulins can be produced that bind specifically to
an MLK (e.g., MLKI1, MLK2, MLK3, or MLK4). For
example, an immunoglobulin can bind to an MLK and inhibit
a signaling activity of the MLK (e.g., a kinase activity, ability
to be phosphorylated, or an interaction with an upstream or
downstream component of the signaling pathway). In some
embodiments, the immunoglobulin is human, humanized,
deimmunized, or otherwise non-antigenic in the subject.

In some embodiments, an immunoglobulin can be pro-
duced that can distinguish between a phosphorylated MLK
and an nonphosphorylated MLK, e.g., an antibody that binds
preferentially to one form relative to the other. For example,
an antibody that binds preferentially to the phosphorylated
form can be an antibody that binds to a phosphorylated T-loop
of the MLK (e.g., Phospho-MLK3 (Thr277/Ser281) Anti-
body #2811 (Cell Signaling Technology, Danvers, Mass.)).

An immunoglobulin can be, for example, an antibody or an
antigen-binding fragment thereof. As used herein, the term
“immunoglobulin” refers to a protein consisting of one or
more polypeptides that include one or more immunoglobulin
variable domain sequences. A typical immunoglobulin
includes at least a heavy chain immunoglobulin variable
domain and a light chain immunoglobulin variable domain.
An immunoglobulin protein can be encoded by immunoglo-
bulin genes. The recognized human immunoglobulin genes
include the kappa, lambda, alpha (IgAl and IgA2), gamma
(IgG1, 1gG2, IgG3, 1gG4), delta, epsilon and mu constant
region genes, as well as the myriad immunoglobulin variable
region genes. Full-length immunoglobulin “light chains”
(about 25 kDa or 214 amino acids) are encoded by a variable
region gene at the NH2-terminus (about 110 amino acids) and
a kappa or lambda constant region gene at the COOH-termi-
nus. Full-length immunoglobulin “heavy chains” (about 50
kDa or 446 amino acids), are similarly encoded by a variable
region gene (about 116 amino acids) and one of the other
aforementioned constant region genes, e.g., gamma (encod-
ing about 330 amino acids).

The term “antigen-binding fragment” of an antibody (or
simply “antibody portion” or “fragment”), as used herein,
refers to one or more fragments of a full-length antibody that
retain the ability to specifically bind to the antigen. Examples
of antigen-binding fragments include: (i) a Fab fragment, a
monovalent fragment consisting of the VL, VH, CL. and CHI
domains; (ii) a F(ab")2 fragment, a bivalent fragment com-
prising two Fab fragments linked by a disulfide bridge at the
hinge region; (iii) a Fd fragment consisting of the VH and
CHI1 domains; (iv) a Fv fragment consisting of the VI.and VH
domains of a single arm of an antibody, (v) a dAb fragment
(Ward etal., (1989) Nature 341:544-546), which consists of a
VH domain; and (vi) an isolated complementarity determin-
ing region (CDR). Furthermore, although the two domains of
the Fv fragment, VL and VH, are coded for by separate genes,
they can be joined, using recombinant methods, by a synthetic
linker that enables them to be made as a single protein chain
in which the VL. and VH regions pair to form monovalent
molecules (known as single chain Fv (scFv); see e.g., Bird et
al. (1988) Science, 242:423-426; and Huston et al. (1988)
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Proc. Natl. Acad. Sci. USA, 85:5879-5883). Such single
chain antibodies are also encompassed within the term “anti-
gen-binding fragment” of an antibody. These antibody frag-
ments are obtained using conventional techniques, and the
fragments are screened for utility in the same manner as are
intact antibodies.

The new antibodies can be polyclonal, monoclonal, recom-
binant, e.g., chimeric or humanized, fully human, non-hu-
man, e.g., murine, or single chain antibodies. Methods of
making such antibodies are known. In some cases, the anti-
bodies have effector function and can fix complement. The
antibodies can also be coupled to toxins, reporter groups, or
imaging agents.

In one embodiment, the antibody against MLK or another
protein is a fully human antibody (e.g., an antibody made in a
mouse which has been genetically engineered to produce an
antibody from a human immunoglobulin sequence), or a non-
human antibody, e.g., a rodent (e.g., a mouse or rat), goat, or
primate (e.g., monkey). Typically, the non-human antibody is
arodent (e.g., a mouse or rat) antibody. Methods of producing
rodent antibodies are known in the art. Non-human antibodies
can be modified, e.g., humanized or deimmunized. Human
monoclonal antibodies can be generated using transgenic
mice carrying the human immunoglobulin genes rather than
the mouse system (see, e.g., WO 91/00906 and WO
92/03918). Other methods for generating immunoglobulin
ligands include phage display (e.g., as described in U.S. Pat.
No. 5,223,409 and WO 92/20791).

Intrabodies, i.e., intracellularly-made antibodies, can be
produced using methods known in the art, such as those
disclosed and reviewed in Chen et al., Hum. Gene Ther.,
5:595 601 (1994); Marasco, Gene Ther., 4:11 15 (1997);
Rondon and Marasco, Annu Rev. Microbiol., 51:257 283
(1997); Probaetal., J. Mol. Biol., 275:245 253 (1998); Cohen
et al., Oncogene, 17:2445 2456 (1998); Ohage and Steipe, J.
Mol. Biol., 291:1119 1128 (1999); Ohage et al., J. Mol. Biol.,
291:1129 1134 (1999); Wirtz and Steipe, Protein Sci., 8:2245
2250 (1999); Zhu et al., J. Immunol. Methods, 231:207 222
(1999); der Maur et al., J. Biol. Chem., 277:45075-85 (2002);
Seccoetal., J. Immunol. Methods, 285:99-109 (2004); Shaki-
Loewenstein et al., J. Immunol. Methods, 303:19-39 (2005);
Paz et al., Mol. Cancer. Ther., 4:1801-9 (2005); and refer-
ences cited therein.

Nucleic Acids

Nucleic acid molecules (e.g., DNA or RNA molecules) can
be used to inhibit expression or activity of an MLK (e.g.,
MLK1, MLK2, MLK3, or MLK4).

An inhibitor of MLK can be a nucleic acid, e.g., a siRNA,
anti-sense RNA, or a ribozyme, which can decrease the
expression of MLK. In some aspects, a cell or subject can be
treated with a compound that modulates the expression of a
gene, e.g., a nucleic acid that decreases expression of MLK.
Such approaches include oligonucleotide-based therapies
such as RNA interference, antisense, ribozymes, and triple
helices.

Gene expression can be modified by gene silencing using
double-strand RNA (Sharp (1999) Genes and Development
13: 139-141). RNAi methods, including double-stranded
RNA interference (dsRNAi) or small interfering RNA
(siRNA), have been extensively documented in a number of
organisms, including mammalian cells and the nematode C.
elegans (Fire et al, Nature, 391, 806-811, 1998). In mamma-
lian cells, RNAi can be triggered by 21-nucleotide (nt)
duplexes of small interfering RNA (siRNA) (Chiu et al., Mol.
Cell. 10:549-561 (2002); Elbashir et al., Nature 411:494-498
(2001)), or by micro-RNAs (miRNA), functional small-hair-
pin RNA (shRNA), or other dsSRNAs which are expressed in
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vivo using DNA templates with RNA polymerase III promot-
ers (Zeng et al., Mol. Cell 9:1327-1333 (2002); Paddison et
al., Genes Dev. 16:948-958 (2002); Lee et al., Nature Bio-
technol. 20:500-505 (2002); Paul et al., Nature Biotechnol.
20:505-508 (2002); Tuschl, T., Nature Biotechnol. 20:440-
448 (2002); Yu et al., Proc. Natl. Acad. Sci. USA 99(9):6047-
6052 (2002); McManus et al., RNA 8:842-850 (2002); Sui et
al., Proc. Natl. Acad. Sci. USA 99(6):5515-5520 (2002)).

dsRNA can be delivered to cells or to an organism to
antagonize an MLK or another protein described herein. For
example, a dsRNA that is complementary to an MLK nucleic
acid can silence protein expression of the MLK. The dsRNA
can include a region that is complementary to a coding region
of'a MLK nucleic acid, e.g., a coding region or a non-coding
region, e.g., a 5' or 3' untranslated region. dsRNA can be
produced, e.g., by transcribing a cassette (in vitro or in vivo)
in both directions, for example, by including a T7 promoter
on either side of the cassette. The insert in the cassette is
selected so that it includes a sequence complementary to the
MLK nucleic acid. The sequence need not be full length, for
example, an exon, or between 19-50 nucleotides or 50-200
nucleotides. The sequence can be from the 5' half of the
transcript, e.g., within 1000, 600, 400, or 300 nucleotides of
the ATG. See also, the HISCRIBE™ RNAI Transcription Kit
(New England Biolabs, Ma.) and Fire, A. (1999) Trends
Genet., 15:358-363. dsRNA can be digested into smaller
fragments. See, e.g., US Patent Applications 2002-0086356
and 2003-0084471.

In one embodiment, an siRNA is used. siRNAs are small
double stranded RNAs (dsRNAs) that optionally include
overhangs. For example, the duplex region is about 18 to 25
nucleotides in length, e.g., about 19, 20, 21, 22, 23, or 24
nucleotides in length. Typically, the siRNA sequences are
exactly complementary to the target mRNA. Exemplary siR-
NAs that inhibit expression of human and mouse MLKs (e.g.,
$¢-35945, s¢-39110, sc-35946 and sc-39111) are commer-
cially available from Santa Cruz Biotechnology, Inc. (Santa
Cruz, Calif).

“Ribozymes” are enzymatic RNA molecules which cleave
at specific sites in RNA. Ribozymes that can specifically
cleave nucleic acids that encode or that are required for the
expression of MLK may be designed according to well-
known methods.

A nucleic acid that inhibits MLK expression or activity can
be anucleic acid that encodes an antibody (e.g., an intrabody)
that binds specifically to the MLK, e.g., binds specifically to
a phosphorylated form of the MLK.

A nucleic acid for inhibiting MLK expression, activity, or
function can be inserted into a variety of DNA constructs and
vectors for the purposes of gene therapy. Vectors include
plasmids, cosmids, artificial chromosomes, viral elements,
and RNA vectors (e.g., based on RNA virus genomes). The
vector can be competent to replicate in a host cell or to
integrate into a host DNA. Viral vectors include, e.g., repli-
cation defective retroviruses, adenoviruses and adeno-asso-
ciated viruses.

Examples of vectors include replication defective retrovi-
ral vectors, adenoviral vectors and adeno-associated viral
vectors. Adenoviral vectors suitable for use by the methods
disclosed herein include (Ad.RSV.lacZ), which includes the
Rous sarcoma virus promoter and the lacZ reporter gene as
well as (Ad.CMV.lacZ), which includes the cytomegalovirus
promoter and the lacZ reporter gene. Methods for the prepa-
ration and use of viral vectors are described in WO 96/13597,
WO 96/33281, WO 97/15679, and Trapnell et al., Curr. Opin.
Biotechnol., 5:617-625, 1994, the contents of which are
incorporated herein by reference.
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A gene therapy vector is a vector designed for administra-
tion to a subject, e.g., amammal, such that a cell of the subject
is able to express a therapeutic gene contained in the vector.
The therapeutic gene may encode a protein (e.g., an anti-
MLK intrabody). The therapeutic gene can also be used to
provide a non-coding transcript, e.g., an antisense RNA, a
ribozyme, or a dsRNA, that targets an RNA of an MLK.

The gene therapy vector can contain regulatory elements,
e.g., a 5' regulatory element, an enhancer, a promoter, a 5'
untranslated region, a signal sequence, a 3' untranslated
region, a polyadenylation site, and a 3' regulatory region. For
example, the 5' regulatory element, enhancer or promoter can
regulate transcription of the DNA encoding the therapeutic
polypeptide or other transcript. The regulation can be tissue
specific. For example, the regulation can restrict transcription
of'the desired gene to, e.g., hepatocytes, pancreatic beta cells
or adipocytes, e.g., white adipose cells. Alternatively, regula-
tory elements can be included that respond to an exogenous
drug, e.g., a steroid, tetracycline, or the like. Thus, the level
and timing of expression of the therapeutic nucleic acid can
be controlled.

Gene therapy vectors can be prepared for delivery as naked
nucleic acid, as a component of a virus, or of an inactivated
virus, or as the contents of a liposome or other delivery
vehicle. See, e.g., US 2003-0143266 and 2002-0150626. In
one embodiment, the nucleic acid is formulated in a lipid-
protein-sugar matrix to form microparticles., e.g., having a
diameter between 50 nm to 10 micrometers. The particles
may be prepared using any known lipid (e.g., dipalmi-
toylphosphatidylcholine, DPPC), protein (e.g., albumin), or
sugar (e.g., lactose).

The gene therapy vectors can be delivered using a viral
system. Exemplary viral vectors include vectors from retro-
viruses, e.g., Moloney retrovirus, adenoviruses, adeno-asso-
ciated viruses, and lentiviruses, e.g., Herpes simplex viruses
(HSV). See, e.g., US 2003/0147854, 2002/0090716, 2003/
0039636, 2002/0068362, and 2003/0104626. The gene deliv-
ery agent, e.g., a viral vector, can be produced from recom-
binant cells which produce the gene delivery system.

A gene therapy vector can be administered to a subject, for
example, by intravenous injection, by local administration
(see U.S. Pat. No. 5,328,470) or by stereotactic injection (see,
e.g., Chen et al. (1994) Proc. Natl. Acad. Sci. USA, 91:3054-
57). The gene therapy agent can be further formulated, for
example, to delay or prolong the release of the agent by means
of a slow release matrix. One method of providing a thera-
peutic agent, is by inserting a gene therapy vector into cells
harvested from a subject. The cells are infected, for example,
with a retroviral gene therapy vector, and grown in culture.
The subject is then replenished with the infected culture cells.
The subject is monitored for recovery and for production of
the therapeutic polypeptide or nucleic acid.

Modifications to nucleic acid molecules may be introduced
as a means of increasing intracellular stability and half-life.
Exemplary modifications include the addition of flanking
sequences of ribonucleotides or deoxyribonucleotides to the
5'and/or 3' ends of the molecule or the use of phosphorothio-
ate or 2' O-methyl rather than phosphodiesterase linkages
within the oligodeoxyribonucleotide backbone.

Enzymatic Assays

Enzymatic assays can be used to assess the kinase activity
of an MLK (e.g., MLK1, MLK2, MLK3, or MLK4) in the
presence or absence of a test compound. Methods of assaying
kinase activity or known in the art. Typically, the assay is
performed using a reaction mixture that includes an MLK
(e.g., purified, partially purified, or a lysate of a cell that
expresses the MLK), an MLK substrate (e.g., MKK4/SEK1
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(e.g., a K54R mutant), MKK?7, or myelin basic protein), and
a labeled ATP (e.g., [y->*P]ATP). An exemplary assay for
MLK kinase activity that can be performed on multiple
samples simultaneously is the Millipore Multiscreen TCA
“in-plate” format (Pitt and Lee, 1996, J. Biomol. Screening,
1:47-51). Briefly, each assay mixture contains 20 mM Hepes,
pH 7.0, 1 mM EGTA, 10 mM MgCl,, 1 mM DTT, 25 mM
p-glycerophosphate, 60 uM ATP, 0.25 uCi [y->>P]ATP, 0.1%
BSA, 500 ug/ml myelin basic protein, 2% DMSO, 1 uM of
test compound, and 1 pg/ml of purified GST-tagged MLK
protein. Samples are incubated for 15 minutes at 37° C. The
reaction is stopped by adding ice cold 50% TCA, and the
proteins are allowed to precipitate for 30 minutes at 4° C. The
plates are then washed with ice cold 25% TCA. Scintillation
fluid is added, and the plates are allowed to equilibrate for 1-2
hours prior to counting using a scintillation counter.

Another exemplary assay involves detection of phospho-
rylation of an MLK substrate (e.g., MKK4) by MLK using an
antibody that binds specifically to the phosphorylated form of
the substrate (see, e.g., Du et al., 2005, J. Biol. Chem. 280:
42984-42993; Vacratsis and Gallo, 2000, J. Biol. Chem., 275:
27893-27900). These exemplary assays detect MLK activity
in cell lysates or immunoprecipitates by detecting phospho-
rylation of a recombinant GST-MKK4 or recombinant, cata-
Iytically inactive GST-MKK7 (K165A) with ATP (e.g.,
[y->*P]ATP) as a phosphate donor. The lysates or immuno-
precipitates are incubated with ATP and substrate in buffer
(50 mM Tris-HCI, pH 7.5, 100 mM NaCl, 1 mM MnCl,, 10
mM MgCl,, 0.1 mM Na;VO,) for 20-30 minutes at room
temperature. Phosphorylation of substrate is detected using
anantibody that binds specifically to the phosphorylated form
of the substrate and/or by measuring incorporation of *2P.
These assays can also be performed with purified or partially
purified MLK.

Interaction Assays

Insome embodiments, interaction with (e.g., binding to) an
MLK (e.g.,, MLK1, MLK2, MLK3, or MLK4) can be
assayed, e.g., in vitro or in a cell. The reaction mixture can
include, e.g., a phosphate donor, a substrate or other binding
partner or potentially interacting fragment thereof. Exem-
plary binding partners include MKK4 and MKK?7, or inter-
acting fragments thereof. Preferably the binding partner is a
direct binding partner.

In other embodiments, the reaction mixture can include an
MLK binding partner, and compounds can be screened, e.g.,
in an in vitro assay, to evaluate the ability of a test compound
to modulate interaction between an MLK and an MLK bind-
ing partner. This type of assay can be accomplished, for
example, by coupling one of the components with a radioiso-
tope or enzymatic label such that binding of the labeled com-
ponent to the other can be determined by detecting the labeled
compound in a complex. A component can be labeled with
e.g., 12’1, 23S, 3P, 3P, '#C, or *H either directly or indirectly,
and the radioisotope detected by direct counting of radioem-
mission or by scintillation counting. Alternatively, a compo-
nent can be enzymatically labeled with, for example, horse-
radish peroxidase, alkaline phosphatase, or luciferase, and
the enzymatic label detected by determination of conversion
of an appropriate substrate to product. Competition assays
can also be used to evaluate a physical interaction between a
test compound and a target.

Cell-free assays involve preparing a reaction mixture of the
target protein (e.g., an MLK) and the test compound under
conditions and for a time sufficient to allow the two compo-
nents to interact and bind, thus forming a complex that can be
removed and/or detected.
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The interaction between two molecules can also be
detected, e.g., using a fluorescence assay in which at least one
molecule is fluorescently labeled. One example of such an
assay includes fluorescence energy transfer (FET or FRET
for fluorescence resonance energy transfer) (see, for example,
U.S. Pat. No. 5,631,169; U.S. Pat. No. 4,868,103). A fluoro-
phore label on the first, “donor” molecule is selected such that
its emitted fluorescent energy will be absorbed by a fluores-
cent label on a second, “acceptor” molecule, which in turn is
able to fluoresce due to the absorbed energy. Alternately, the
“donor” protein molecule may simply utilize the natural fluo-
rescent energy of tryptophan residues. Labels are chosen that
emit different wavelengths of light, such that the “acceptor”
molecule label may be differentiated from that of the “donor.”
Since the efficiency of energy transfer between the labels is
related to the distance separating the molecules, the spatial
relationship between the molecules can be assessed. In a
situation in which binding occurs between the molecules, the
fluorescent emission of the “acceptor” molecule label in the
assay should be maximal. A FET binding event can be con-
veniently measured through standard fluorometric detection
means well known in the art (e.g., using a fluorimeter).

Another example of a fluorescence assay is fluorescence
polarization (FP). For FP, only one component needs to be
labeled. A binding interaction is detected by a change in
molecular size of the labeled component. The size change
alters the tumbling rate of the component in solution and is
detected as a change in FP. See, e.g., Nasiretal. (1999) Comb.
Chem. HTS, 2:177-190; Jameson et al. (1995) Methods
Enzymol., 246:283; Seecthala et al. (1998) Anal. Biochem.,
255:257. Fluorescence polarization can be monitored in mul-
tiwell plates, e.g., using the POLARION™ reader (Tecan,
Maennedorf, Switzerland). See, e.g., Parker et al. (2000) J.
Biomolecular Screening, 5:77-88; and Shoeman, et al. (1999)
Biochem., 38:16802-16809.

In another embodiment, evaluating binding of an MLK
protein to a compound can include a real-time monitoring of
the binding interaction, e.g., using Biomolecular Interaction
Analysis (BIA) (see, e.g., Sjolander and Urbaniczky (1991)
Anal. Chem., 63:2338-2345 and Szabo et al. (1995) Curr.
Opin. Struct. Biol,, 5:699-705). “Surface plasmon reso-
nance” or “BIA” detects biospecific interactions in real time,
without labeling any of the interactants (e.g., BlAcore).
Changes in the mass at the binding surface (indicative of a
binding event) result in alterations of the refractive index of
light near the surface (the optical phenomenon of surface
plasmon resonance (SPR)), resulting in a detectable signal
which can be used as an indication of real-time reactions
between biological molecules.

In one embodiment, an MLK protein is anchored onto a
solid phase. The MLK/test compound complexes anchored
on the solid phase can be detected at the end of the reaction,
e.g., the binding reaction. For example, an MLK protein can
be anchored onto a solid surface, and the test compound
(which is not anchored) can be labeled, either directly or
indirectly, with detectable labels discussed herein.

Itmay be desirable to immobilize either an MLK protein or
an MLK binding partner to facilitate separation of complexed
from uncomplexed forms of one or both of the proteins, as
well as to accommodate automation of the assay. Binding of
a test compound to MLK, or interaction of MLK with a
second component in the presence and absence of a candidate
compound, can be accomplished in any vessel suitable for
containing the reactants. Examples of such vessels include
microtiter plates, test tubes, and micro-centrifuge tubes. In
one embodiment, a fusion protein can be provided which adds
a domain that allows one or both of the proteins to be bound
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to a matrix. For example, glutathione-S-transferase/mamma-
lian homolog of a fusion proteins or glutathione-S-trans-
ferase/target fusion proteins can be adsorbed onto glutathione
SEPHAROSE® beads (Sigma Chemical, St. Louis, Mo.) or
glutathione derivatized microtiter plates, which are then com-
bined with the test compound or the test compound and either
the non-adsorbed target protein or MLK, and the mixture
incubated under conditions conducive to complex formation
(e.g., at physiological conditions for salt and pH). Following
incubation, the beads or microtiter plate wells are washed to
remove any unbound components, the matrix immobilized in
the case of beads, complex determined either directly or indi-
rectly, for example, as described above. Alternatively, the
complexes can be dissociated from the matrix, and the level of
MLK binding or activity determined using standard tech-
niques.

Other techniques for immobilizing either MLK or a target
molecule on matrices include using conjugation of biotin and
streptavidin. Biotinylated MLK or target molecules can be
prepared from biotin-NHS (N-hydroxy-succinimide) using
techniques known in the art (e.g., biotinylation kit, Pierce
Chemicals, Rockford, 111.), and immobilized in the wells of
streptavidin-coated 96 well plates (Pierce Chemical).

In order to conduct the assay, the non-immobilized com-
ponent is added to the coated surface containing the anchored
component. After the reaction is complete, unreacted compo-
nents are removed (e.g., by washing) under conditions such
that any complexes formed will remain immobilized on the
solid surface. The detection of complexes anchored on the
solid surface can be accomplished in a number of ways.
Where the previously non-immobilized component is pre-
labeled, the detection of label immobilized on the surface
indicates that complexes were formed. Where the previously
non-immobilized component is not pre-labeled, an indirect
label can be used to detect complexes anchored on the sur-
face, e.g., using a labeled antibody specific for the immobi-
lized component (the antibody, in turn, can be directly labeled
or indirectly labeled with, e.g., a labeled anti-Ig antibody).

In one embodiment, this assay is performed utilizing anti-
bodies reactive with an MLK or target molecules, but which
do not interfere with binding of the MLK to its target mol-
ecule. Such antibodies can be derivatized to the wells of the
plate, and unbound target or MLK trapped in the wells by
antibody conjugation. Methods for detecting such com-
plexes, in addition to those described above for the GST-
immobilized complexes, include immunodetection of com-
plexes using antibodies reactive with MLK or the target
molecule, as well as enzyme-linked assays which rely on
detecting an enzymatic activity associated with MLK or the
target molecule.

Alternatively, cell free assays can be conducted in a liquid
phase. In such an assay, the reaction products are separated
from unreacted components, by any of a number of standard
techniques, including but not limited to: differential centrifu-
gation (see, for example, Rivas and Minton (1993) Trends
Biochem. Sci., 18:284-7); chromatography (gel filtration
chromatography, ion-exchange chromatography); electro-
phoresis (see, e.g., Ausubel et al., eds., Current Protocols in
Molecular Biology 1999, J. Wiley: New York.); and immuno-
precipitation (see, for example, Ausubel et al., supra). Such
resins and chromatographic techniques are known to one
skilled in the art (see, e.g., Heegaard (1998) J. Mol. Recognit.,
11:141-8; Hage and Tweed (1997) J. Chromatogr. B. Biomed.
Sci. Appl., 699:499-525). Further, fluorescence energy trans-
fer may also be conveniently utilized, as described herein, to
detect binding without further purification of the complex
from solution.
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To identify compounds that modulate (e.g., interfere with)
the interaction between the target product and its binding
partner(s), for example, a reaction mixture containing the
target product and the binding partner is prepared, under
conditions and for a time sufficient, to allow the two products
to form complex. In order to test an inhibitory agent, the
reaction mixture is provided in the presence and absence of
the test compound. The test compound can be initially
included in the reaction mixture, or can be added at a time
subsequent to the addition of the target and its cellular or
extracellular binding partner. Control reaction mixtures are
incubated without the test compound or with a placebo. The
formation of any complexes between the target product and
the cellular or extracellular binding partner is then detected.
The formation of a complex in the control reaction, but not in
the reaction mixture containing the test compound, indicates
that the compound interferes with the interaction of the target
product and the interactive binding partner. Additionally,
complex formation within reaction mixtures containing the
test compound and normal target product can also be com-
pared to complex formation within reaction mixtures contain-
ing the test compound and mutant target product. This com-
parison can be important in those cases wherein it is desirable
to identify compounds that disrupt interactions of mutant but
not normal target products.

These assays can be conducted in a heterogeneous or
homogeneous format. Heterogeneous assays involve anchor-
ing either the target product or the binding partner onto a solid
phase, and detecting complexes anchored on the solid phase
at the end of the reaction. In homogeneous assays, the entire
reaction is carried out in a liquid phase. In either approach, the
order of addition of reactants can be varied to obtain different
information about the compounds being tested. For example,
test compounds that interfere with the interaction between the
target products and the binding partners, e.g., by competition,
can be identified by conducting the reaction in the presence of
the test substance. Alternatively, test compounds that disrupt
preformed complexes, e.g., compounds with higher binding
constants that displace one of the components from the com-
plex, can be tested by adding the test compound to the reac-
tion mixture after complexes have been formed. The various
formats are briefly described below.

In a heterogeneous assay system, either the target product
or the partner, is anchored onto a solid surface (e.g., a micro-
titer plate), while the non-anchored species is labeled, either
directly or indirectly. The anchored species can be immobi-
lized by non-covalent or covalent attachments. Alternatively,
an immobilized antibody specific for the species to be
anchored can be used to anchor the species to the solid sur-
face.

In order to conduct the assay, the partner of the immobi-
lized species is exposed to the coated surface with or without
the test compound. After the reaction is complete, unreacted
components are removed (e.g., by washing) and any com-
plexes formed will remain immobilized on the solid surface.
Where the non-immobilized species is pre-labeled, the detec-
tion of label immobilized on the surface indicates that com-
plexes were formed. Where the non-immobilized species is
not pre-labeled, an indirect label can be used to detect com-
plexes anchored on the surface; e.g., using a labeled antibody
specific for the initially non-immobilized species (the anti-
body, in turn, can be directly labeled or indirectly labeled
with, e.g., a labeled anti-Ig antibody). Depending upon the
order of addition of reaction components, test compounds
that inhibit complex formation or that disrupt preformed
complexes can be detected.
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Alternatively, the reaction can be conducted in a liquid
phase in the presence or absence of the test compound, the
reaction products separated from unreacted components, and
complexes detected; e.g., using an immobilized antibody spe-
cific for one of the binding components to anchor any com-
plexes formed in solution, and a labeled antibody specific for
the other partner to detect anchored complexes. Again,
depending upon the order of addition of reactants to the liquid
phase, test compounds that inhibit complex or that disrupt
preformed complexes can be identified.

In an alternate embodiment, a homogeneous assay can be
used. For example, a preformed complex of the target product
and the interactive cellular or extracellular binding partner
product is prepared in that either the target products or their
binding partners are labeled, but the signal generated by the
label is quenched due to complex formation (see, e.g., U.S.
Pat. No. 4,109,496, which utilizes this approach for immu-
noassays). The addition ofa test substance that competes with
and displaces one of the species from the preformed complex
will result in the generation of a signal above background. In
this way, test substances that disrupt target product-binding
partner interaction can be identified.

Cell-Based Assays

Cell-based assays can be used to evaluate compounds for
their ability to interact with an MLK protein, e.g., bind or
modulate the enzymatic activity of an MLK protein. Useful
assays include assays in which an MK -associated parameter
is evaluated. Other parameters that can be evaluated include
parameters that assess insulin production or secretion.

In addition, it is possible to evaluate the phosphorylation
state of an MLK (e.g., MLK1, MLK2, MLK3, or MLLK4) or
an MLK substrate in an MLK-expressing cell. For example,
one can evaluate the phosphorylation of an MLK, an MLK
substrate (e.g., MKK4 or MKK?7) or a downstream effector of
MIK (e.g., MKK4, MKK7, JNK or IRS1). Optionally, the
MLK, substrate or downstream effector can be immunopre-
cipitated from an extract made from the MLK expressing cell
(e.g., contacted or not contacted with a test compound). The
precipitated proteins can then be evaluated. In another varia-
tion, the MLK, MLK substrate, or downstream effector is
detected using a reagent that discriminates between the phos-
phorylated an nonphosphorylated forms. For example, the
reagent is an antibody that specifically recognizes a phospho-
rylated MLK.

Another exemplary cell based assay can include contacting
a cell expressing an MLK protein (e.g., MLK1, MLK2,
MLK3, or MLLK4) with a test compound and determining the
ability of the test compound to inhibit an activity of the MLK
protein, and/or determine the ability of the test compound to
inhibit expression of the MLK, e.g., by detecting MLK
nucleic acids (e.g., mRNA or cDNA) or proteins in the cell.
Determining the ability of the test compound to modulate
MLK activity can be accomplished, for example, by deter-
mining the ability of a MLK protein or nucleic acid to bind to
or interact with a substrate (e.g., as described above), to bind
or interact with the test molecule, and by determining the
ability of the test molecule to modulate a parameter, e.g.,
MLK phosphorylation, MLK substrate (e.g., MKK4 or
MKK?7) phosphorylation, or phosphorylation of a down-
stream effector of MLK (e.g., MKK4, MKK?7, INK or IRS1).

Cell-based systems can be used to identify compounds that
decrease expression and/or activity and/or effect of an MLK.
Such cells can be recombinant or non-recombinant, such as
cell lines that express the MLK gene. In some embodiments,
the cells can be recombinant or non-recombinant cells which
express an MLK substrate or binding partner. Exemplary
systems include mammalian or yeast cells that express MLK,
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e.g., from a recombinant nucleic acid. In utilizing such sys-
tems, cells are exposed to compounds suspected ofincreasing
expression and/or activity of MLK. After exposure, the cells
are assayed, for example, for MLK expression or activity.

Alternatively, the cells may also be assayed for the activa-
tion or inhibition of the phosphorylation function of MLK. In
one embodiment, the levels of phosphorylation of an MLK
kinase substrate, e.g., MKK4 or MKK?7, or downstream effec-
tor, e.g., MKK4, MKK?7, JNK or IRS1, are evaluated.

A cell-based assay can be performed using a single cell, or
a collection of at least two or more cells. The cell can be a
yeast cell (e.g., Saccharomyces cerevisiae) or a mammalian
cell, including but not limited to somatic or embryonic cells
(e.g., hepatocytes, adipocytes, or pancreatic beta cells),
HepG2 cells, MING cells, INS-1 cells, Chinese hamster ovary
cells, HeLa cells, human 293 cells, and monkey COS-7 cells.
The collection of cells can form a tissue. A “tissue” refers to
a collection of similar cell types (such as adipose, hepatic,
pancreatic islet, epithelium, connective, muscle, and nerve
tissue).

In another embodiment, modulators of MLK gene expres-
sion are identified. For example, a cell or cell free mixture is
contacted with a candidate compound and the expression of
MLK mRNA or protein evaluated relative to the level of
expression of MLK mRNA or protein in the absence of the
candidate compound. When expression of the MLK mRNA
or protein is greater in the presence of the candidate com-
pound than in its absence, the candidate compound is identi-
fied as a stimulator of MLK mRNA or protein expression.
Alternatively, when expression of MLK mRNA or protein is
less (statistically significantly less) in the presence of the
candidate compound than in its absence, the candidate com-
pound is identified as an inhibitor of the MLK mRNA or
protein expression. The level of MLK mRNA or protein
expression can be determined by methods for detecting MLK
mRNA or protein, e.g., using probes or antibodies, e.g.,
labeled probes or antibodies.

In addition to cell-based and in vitro assay systems, non-
human organisms, e.g., transgenic non-human organisms or a
model organism, can also be used. A transgenic organism is
one in which a heterologous DNA sequence is chromosoma-
1ly integrated into the germ cells of the animal. A transgenic
organism will also have the transgene integrated into the
chromosomes of its somatic cells. Organisms of any species,
including, but not limited to: yeast, worms, flies, fish, reptiles,
birds, mammals (e.g., mice, rats, rabbits, guinea pigs, pigs,
micro-pigs, and goats), and non-human primates (e.g.,
baboons, monkeys, chimpanzees) may be used in the methods
described herein.

A transgenic cell or animal used in the methods disclosed
herein can include a transgene that encodes, e.g., MLK. The
transgene can encode a protein that is normally exogenous to
the transgenic cell or animal, including a human protein, e.g.,
human MLK. The transgene can be linked to a heterologous
or a native promoter. A transgenic animal can also be pro-
duced with reduced expression or activity of MLK, e.g., an
MLK deletion or mutant. Methods of making transgenic cells
and animals are known in the art.

Accordingly, in another embodiment, this disclosure fea-
tures a method of identifying a compound as a candidate of
treatment of a metabolic stress disorder, e.g., insulin resis-
tance, metabolic syndrome, type 2 diabetes, or a fatty liver
disease (steatosis or steatohepatitis). The method includes:
providing a compound which interacts with, e.g., binds to,
MLK; and evaluating the effect of the test compound on a
subject, e.g., an animal model, e.g., an animal model for a
metabolic disorder, e.g., type 2 diabetes. Exemplary animal
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models are described below. The interaction between a test
compound and MLK can be evaluated by any of the methods
described herein, e.g., using cell-based assays or cell-free in
vitro assays.

Test Compounds

A “compound” or “test compound” can be any chemical
compound, for example, a macromolecule (e.g., a polypep-
tide, a protein complex, or a nucleic acid) or a small molecule
(e.g., an amino acid, a nucleotide, an organic or inorganic
compound). The test compound can have a formula weight of
less than about 10,000 grams per mole (e.g., less than 5,000,
1,000, or 500 grams per mole). The test compound can be
naturally occurring (e.g., an herb or a natural product), syn-
thetic, or both. Examples of macromolecules are proteins,
protein complexes, and glycoproteins, nucleic acids, e.g.,
DNA, RNA (e.g., double stranded RNA or RNAi), and PNA
(peptide nucleic acid). Examples of small molecules are pep-
tides, peptidomimetics (e.g., peptoids), amino acids, amino
acid analogs, polynucleotides, polynucleotide analogs,
nucleotides, nucleotide analogs, nucleosides, glycosidic
compounds, organic or inorganic compounds e.g., heteroor-
ganic or organometallic compounds. One exemplary type of
protein compound is an antibody or a modified scaffold
domain protein. A test compound can be the only substance
assayed by the method described herein. Alternatively, a col-
lection oftest compounds can be assayed either consecutively
or concurrently by the methods described herein.

In some embodiments, high throughput screening methods
involve providing a combinatorial chemical or peptide library
containing a large number of potential therapeutic com-
pounds (potential modulator or ligand compounds). Such
“combinatorial chemical libraries” or “ligand libraries” are
then screened in one or more assays, as described herein, to
identify those library members (particular chemical species
or subclasses) that display a desired characteristic activity.
The compounds thus identified can serve as conventional
“lead compounds” or can themselves be used as potential or
actual therapeutics.

A combinatorial chemical library is a collection of diverse
chemical compounds generated by either chemical synthesis
or biological synthesis, by combining a number of chemical
“building blocks™ such as reagents. For example, a linear
combinatorial chemical library such as a polypeptide library
is formed by combining a set of chemical building blocks
(amino acids) in every possible way for a given compound
length (i.e., the number of amino acids in a polypeptide com-
pound). Millions of chemical compounds can be synthesized
through such combinatorial mixing of chemical building
blocks.

Preparation and screening of combinatorial chemical
libraries is well known to those of skill in the art. Such
combinatorial chemical libraries include, but are not limited
to, peptide libraries (see, e.g., U.S. Pat. No. 5,010,175; Furka,
Int. J. Pept. Prot. Res., 37:487-493 (1991); and Houghton et
al., Nature, 354:84-88 (1991)). Other chemistries for gener-
ating chemical diversity libraries can also be used. Such
chemistries include, but are not limited to: peptoids (e.g., PCT
Publication No. WO 91/19735), encoded peptides (e.g., PCT
Publication No. WO 93/20242), random bio-oligomers (e.g.,
PCT Publication No. WO 92/00091), benzodiazepines (e.g.,
U.S. Pat. No. 5,288,514), diversomers such as hydantoins,
benzodiazepines and dipeptides (Hobbs et al., Proc. Nat.
Acad. Sci., 90:6909-6913 (1993)), vinylogous polypeptides
(Hagihara et al., J] Amer. Chem. Soc., 114:6568 (1992)),
nonpeptidal peptidomimetics with glucose scaffolding (Hir-
schmann et al., J Amer. Chem. Soc., 114:9217-9218 (1992)),
analogous organic syntheses of small compound libraries
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(Chen et al., J. Amer. Chem. Soc., 116:2661 (1994)), oligo-
carbamates (Cho et al., Science, 261:1303 (1993)), and/or
peptidyl phosphonates (Campbell et al., J Org. Chem., 59:658
(1994)), nucleic acid libraries (see Ausubel, Berger and Sam-
brook, all supra), peptide nucleic acid libraries (see, e.g., U.S.
Pat. No. 5,539,083), antibody libraries (see, e.g., Vaughn et
al., Nature Biotechnology, 14(3):309-314 (1996) and PCT/
US96/10287), carbohydrate libraries (see, e.g., Liang et al.,
Science, 274:1520-1522 (1996) and U.S. Pat. No. 5,593,853),
small organic molecule libraries (see, e.g., benzodiazepines,
Baum C&EN, January 18, page 33 (1993); isoprenoids, U.S.
Pat. No. 5,569,588; thiazolidinones and metathiazanones,
U.S. Pat. No. 5,549,974; pyrrolidines, U.S. Pat. Nos. 5,525,
735 and 5,519,134; morpholino compounds, U.S. Pat. No.
5,506,337; benzodiazepines, U.S. Pat. No. 5,288,514, indolo-
carbazole compounds, U.S. Pat. Nos. 6,013,646, 6,541,468;
and the like). Additional examples of methods for the synthe-
sis of molecular libraries can be found in the art, for example
in: DeWitt et al. (1993) Proc. Natl. Acad. Sci. USA, 90:6909;
Erb et al. (1994) Proc. Natl. Acad. Sci. USA, 91:11422;
Zuckermann et al. (1994). J. Med. Chem., 37:2678; Cho et al.
(1993) Science, 261:1303; Carrell et al. (1994) Angew.
Chem. Int. Ed. Engl., 33:2059; Carell et al. (1994) Angew.
Chem. Int. Ed. Engl., 33:2061; and Gallop etal. (1994) ] Med.
Chem., 37:1233.

Some exemplary libraries can be used to generate variants
from a particular lead compound. One method includes gen-
erating a combinatorial library in which one or more func-
tional groups of the lead compound are varied, e.g., by deriva-
tization. Thus, the combinatorial library can include a class of
compounds which have a common structural feature (e.g.,
framework).

Devices for the preparation of combinatorial libraries are
commercially available (see, e.g., 357 MPS, 390 MPS,
Advanced Chem Tech, Louisville Ky.; SYMPHONY™, Rai-
nin, Woburn, Mass.; 433 A Applied Biosystems, Foster City,
Calif.; 9050 Plus, Millipore, Bedford, Mass.). In addition,
numerous combinatorial libraries are themselves commer-
cially available (see, e.g., ComGenex, Princeton, N.J.;
Asinex, Moscow, RU, Tripos, Inc., St. Louis, Mo.; ChemStar,
Ltd, Moscow, RU; 3D Pharmaceuticals, Exton, Pa.; Martek
Biosciences, Columbia, Md.; etc.).

Test compounds can also be obtained from: biological
libraries; peptoid libraries (libraries of molecules having the
functionalities of peptides, but with a novel, non-peptide
backbone which are resistant to enzymatic degradation but
which nevertheless remain bioactive; see, e.g., Zuckermann,
R. N. et al. (1994) J Med. Chem., 37:2678-85); spatially
addressable parallel solid phase or solution phase libraries;
synthetic library methods requiring deconvolution; the “one-
bead one-compound” library method; and synthetic library
methods using affinity chromatography selection. The bio-
logical libraries include libraries of nucleic acids and libraries
of'proteins. Some nucleic acid libraries encode a diverse set of
proteins (e.g., natural and artificial proteins; others provide,
for example, functional RNA and DNA molecules such as
nucleic acid aptamers or ribozymes. A peptoid library can be
made to include structures similar to a peptide library. (See
also Lam (1997) Anticancer Drug Des., 12:145). A library of
proteins may be produced by an expression library or a dis-
play library (e.g., a phage display library).

Libraries of compounds may be presented in solution (e.g.,
Houghten (1992) Biotechniques, 13:412-421), or on beads
(Lam (1991) Nature, 354:82-84), chips (Fodor (1993) Nature,
364:555-556), bacteria (Ladner, U.S. Pat. No. 5,223,409),
spores (Ladner U.S. Pat. No. 5,223,409), plasmids (Cull et al.
(1992) Proc. Natl. Acad. Sci. USA, 89:1865-1869) or on
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phage (Scott and Smith (1990) Science, 249:386-390; Devlin
(1990) Science, 249:404-406; Cwirla et al. (1990) Proc. Natl.
Acad. Sci., 87:6378-6382; Felici (1991) J. Mol. Biol., 222:
301-310).
Metabolic Stress Disorders

An agent that inhibits (e.g., decreases or reduces) MLK
expression or activity can be used to treat or prevent a meta-
bolic stress disorder, e.g., insulin resistance, metabolic syn-
drome, type 2 diabetes, or a fatty liver disease (steatosis or
steatohepatitis). In some embodiments, the metabolic stress
disorder is induced or aggravated by FFA. The agent can be
administered to a subject in an amount effective to treat,
prevent, or ameliorate at least one symptom of the metabolic
stress disorder. While not wishing to be bound by theory, it is
believed that inhibitors of MLK expression or activity can act
to treat or prevent metabolic disorders by blocking the FFA-
stimulated activation of INK (see FIG. 7D). In some embodi-
ments, the methods include selecting a subject on the basis
that they have, or are at risk for, a metabolic stress disorder.

The results disclosed herein demonstrate an essential role
of MLKs in the JNK signal transduction pathway that is
activated by FFA. This signaling pathway is implicated in
FFA-induced insulin resistance that is caused, in part, by
JNK-mediated inhibitory phosphorylation of IRS1 on Ser-
307 (Weston and Davis, 2007, Curr. Opin. Cell Biol., 19:142-
149). This FFA signaling pathway is also implicated in ste-
atosis and the progression to steatohepatitis that is mediated,
in part, by JNK-dependent apoptosis (Malhi et al., 2006, J.
Biol. Chem., 281:12093-12101; Schattenberg et al., 2006,
Hepatology, 43:163-172). These results indicate that drugs
that target MLK enzymes (e.g., CEP-1347, CEP-11004, and
K252a) that have therapeutic benefits for neurodegenerative
disease (Saporito et al., 2002, Prog. Med. Chem., 40:23-62;
Wang et al., 2004, Annu Rev. Pharmacol. Toxicol., 44:451-
474) can also be useful for the treatment of FFA-induced
metabolic stress disorders, e.g., insulin resistance and steato-
hepatitis.

Insulin resistance is characterized by a reduced response of
insulin-sensitive tissues to normal amounts of insulin. In
response, the pancreas secretes increased amounts of insulin
to compensate. Individuals with insulin resistance commonly
have high levels of blood glucose and circulating insulin.

Metabolic syndrome (e.g., Syndrome X) is a syndrome
characterized by a group of metabolic risk factors in one
person. These factors include two or more of (particularly
three, four, five or more, or all of): central obesity (excessive
fat tissue in and around the abdomen), atherogenic dyslipi-
demia (blood fat disorders, mainly high triglycerides and low
HDL cholesterol, that foster plaque buildups in artery walls);
insulin resistance or glucose intolerance (the body cannot
properly use insulin or blood sugar); prothrombotic state
(e.g., high fibrinogen or plasminogen activator inhibitor-1
(PAI-1) in the blood); raised blood pressure (i.e., hyperten-
sion) (e.g., 130/85 mmHg or higher); and proinflammatory
state (e.g., elevated high-sensitivity C-reactive protein in the
blood). The underlying causes of this syndrome include over-
weight/obesity, physical inactivity and genetic factors.
People with metabolic syndrome are at increased risk of
coronary heart disease, other diseases related to plaque build-
ups in artery walls (e.g., stroke and peripheral vascular dis-
ease), and type 2 diabetes. Metabolic syndrome is closely
associated with insulin resistance.

Type 2 diabetes mellitus is a metabolic disease of impaired
glucose homeostasis characterized by hyperglycemia, or high
blood sugar, as a result of defective insulin action which
manifests as insulin resistance, defective insulin secretion, or
both. A patient with Type 2 diabetes mellitus has abnormal
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carbohydrate, lipid, and protein metabolism associated with
insulin resistance and/or impaired insulin secretion. The dis-
ease leads to pancreatic beta cell destruction and eventually
absolute insulin deficiency. Without insulin, high glucose
levels remain in the blood. The long term effects of high blood
glucose include blindness, renal failure, and poor blood cir-
culation to these areas, which can lead to foot and ankle
amputations. Early detection can be important in preventing
patients from reaching this severity. The majority of patients
with diabetes have the non-insulin dependent form of diabe-
tes, currently referred to as Type 2 diabetes mellitus. This
disclosure also includes methods of treating disorders related
to or resulting from diabetes, for example end organ damage,
diabetic gastroparesis, diabetic neuropathy, or cardiac dys-
rythmia.

Fatty liver disease includes fat in the liver (steatosis) and
fatty liver with inflammation and liver damage (steatohepati-
tis). Fatty liver disease is often associated with alcoholism or
viral hepatitis, but can be found in patients without such
presentations (e.g., non-alcoholic steatohepatitis (NASH)).
Symptoms often include elevations in liver tests included in
routine blood test panels, such as alanine aminotransferase
(ALT) or aspartate aminotransferase (AST). Liver fat can also
be observed in x rays or imaging studies of the liver. Steato-
hepatitis (e.g., NASH) can be diagnosed and distinguished
from steatosis by liver biopsy. Steatohepatitis is diagnosed
when microscopic examination of the tissue shows fat along
with inflammation and damage to liver cells. Scar tissue may
also be present in steatohepatitic liver.

A variety of criteria, including genetic, biochemical, physi-
ological, and cognitive criteria, can be used to evaluate a
metabolic stress disorder, e.g., insulin resistance, metabolic
syndrome, type 2 diabetes, or a fatty liver disease (steatosis or
steatohepatitis), in a subject. Symptoms and diagnosis of a
metabolic stress disorder are known to medical practitioners.
Information about these indications and other indications
known to be associated with a metabolic stress disorder can
be used as a parameter associated with the disorder. Metabo-
lites that are associated with a metabolic stress disorder can be
detected by a variety of means, including enzyme-coupled
assays, using labeled precursors, and nuclear magnetic reso-
nance (NMR). For example, NMR can be used to determine
the relative concentrations of phosphate-based compounds in
a sample, e.g., creatine levels. Other metabolic parameters
such as fasting glucose levels, glucose tolerance, insulin lev-
els, redox state, ion concentration (e.g., Ca’*) (e.g., using
ion-sensitive dyes), and membrane potential (e.g., using
patch-clamp technology) can also be assayed.

Animal Models

Animal models of metabolic stress disorders can be used to
evaluate candidate compounds for therapeutic effects. Exem-
plary animal models are reviewed in Russel and Proctor,
2006, Cardiovasc. Pathol., 15:318-330; Sharma and McNeill,
2006, Curr. Vasc. Pharmacol., 4:293-304; Wagner etal., 2006,
ILAR]I., 47:259-271; Bellinger et al., 2006, ILAR J., 47:243-
258; Matveyenko and Butler, 2006; ILAR ., 47:225-233;
Cefalu, 2006, ILAR J.,47:186-198; Shaftiretal., 2006, ILAR
J., 47:212-224; Kaplan and Wagner, 2006, ILAR J., 47:181-
185; LeRoith and Gavrilova, 2006, Int. J. Biochem. Cell
Biol., 38:904-912; Chen and Wang, 2005, Diabetes Obes.
Metab., 7:307-317; Plum et al., 2005, Physiology, 20:152-
161; Rees and Alcolado, 2005, Diabet. Med., 22:359-70;
Postic et al., 2004, Ann. Endocrinol., 65:51-59; Kahn, 2003,
Exp. Diabesity Res., 4:169-182; Nandi et al., 2004, Physiol.
Rev., 84:623-647; Hoenig, 2006, Curr. Opin. Nutr. Metab.
Care, 9:584-588; Bergman et al., 2006, Obesity, 14:16S-19S;
Armitage et al., 2005, J. Physiol., 565:3-8; Barnard and Aron-
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son, 2005, Recent Results Cancer Res., 166:47-61, Armitage
et al., 2004, J. Physiol., 561:355-377; and Tofovic and Jack-
son, 2003, Methods Mol. Med., 86:29-46.

Exemplary models of metabolic stress disorders include
dietary models, e.g., models in which animals (e.g., mice) are
fed a high fat diet, which induces obesity and insulin resis-
tance (see, e.g., Jaeschke et al., 2004, Genes Dev., 18:1976-
80), or a diet deficient in methionine and choline, which
induces fat deposit in the liver with progression to steatohepa-
titis (see, e.g., Schattenberg etal., 2006, Hepatology., 43:163-
72).

Exemplary molecular models of Type Il diabetes include: a
transgenic mouse having defective Nkx-2.2 or Nkx-6.1; (U.S.
Pat. No. 6,127,598); Zucker Diabetic Fatty fa/fa (ZDF) rat
(U.S. Pat. No. 6,569,832); diabetic (db/db) mouse (Chen et
al., 1996, Cell, 84:491-495); obese (ob/ob) mouse (Pelley-
mounter et al., 1995, Science, 269:540-543); Rhesus mon-
keys, which spontaneously develop obesity and subsequently
frequently progress to overt type 2 diabetes (Hotta et al.,
Diabetes, 50:1126-33 (2001); and a transgenic mouse with a
dominant-negative IGF-1 receptor (KR-IGF-1R) having
Type 2 diabetes-like insulin resistance.

Additional exemplary models of fatty liver disease include:
Anstee and Goldin, 2006, Int. J. Exp. Pathol., 87:1-16; Port-
incasa et al., 2005, Clin. Biochem., 38:203-217; Yki-Jarvinen
and Westerbacka, 2005, Curr. Mol. Med., 5:287-295; Nanji,
2004, Clin. Liver Dis., 8:559-574; den Boer et al., 2004,
Arterioscler. Thromb. Vasc. Biol., 24:644-649; and Koteish
and Mae Diehl, 2002, Best Pract. Res. Clin. Gastroenterol.,
16:679-690.

Therapeutic and Diagnostic Uses

An evaluation of MLK (e.g., MLK1, MLK2, MLK3,
MLK4) activity or expression in a cell or tissue of a subject
can include qualitative or quantitative information. An
example of quantitative information is a numerical value of
one or more dimensions, e.g., a concentration of a protein or
a tomographic map. Qualitative information can include an
assessment, e.g., a physician’s comments or a binary (“yes”/
“no”) and so forth. A parameter can include information that
indicates that the subject is not diagnosed with a metabolic
stress disorder, e.g., diabetes, or other disorder described
herein or does not have a particular indication of a metabolic
disorder, e.g., diabetes, or other disorder described herein.

Techniques to detect expression or activity ofan MLK in a
sample from a subject include cellular, immunological, and
other biological methods known in the art. For general guid-
ance, see, e.g., techniques described in Sambrook & Russell,
Molecular Cloning: A Laboratory Manual, 37 Edition, Cold
Spring Harbor Laboratory, N.Y. (2001), Ausubel et al., Cur-
rent Protocols in Molecular Biology (Greene Publishing
Associates and Wiley Interscience, N.Y. (1989), (Harlow, E.
and Lane, D. (1988) Antibodies: A Laboratory Manual, Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y.),
and updated editions thereof.

For example, antibodies, other immunoglobulins, and
other specific binding ligands can be used to detect an MLK,
e.g., a phosphorylated MLK. For example, one or more spe-
cific antibodies can be used to probe a sample. Various for-
mats are possible, e.g., ELISAs, fluorescence-based assays,
Western blots, and protein arrays. Methods of producing
polypeptide arrays are described in the art, e.g., in De Wildt et
al. (2000). Nature Biotech. 18, 989-994; Lueking et al.
(1999). Anal. Biochem. 270, 103-111; Ge, H. (2000). Nucleic
Acids Res. 28, €3, I-VII; MacBeath, G., and Schreiber, S. L.
(2000). Science 289, 1760-1763; and WO 99/51773A1. A
polypeptide array can be produced to detect one or more

10

15

20

25

30

35

40

45

50

55

60

65

22

MILKs (e.g., phosphorylated MLKs) in conjunction with one
or more other proteins involved in metabolism (e.g., leptin or
leptin receptor).

MILK proteins and protein activity can also be analyzed
using mass spectroscopy, chromatography, electrophoresis,
enzyme interaction or using probes that detect post-transla-
tional modification (e.g., a phosphorylation of MLK or an
MLK substrate or downstream effector).

Nucleic acid expression can be detected in cells from a
subject, e.g., removed by surgery, extraction, post-mortem or
other sampling (e.g., blood, CSF). Expression of one or more
MLKs can be evaluated, e.g., by hybridization based tech-
niques, e.g., Northern analysis, RT-PCR, SAGE, and nucleic
acid arrays. Nucleic acid arrays are useful for profiling mul-
tiple mRNA species in a sample. A nucleic acid array can be
generated by various methods, e.g., by photolithographic
methods (see, e.g., U.S. Pat. Nos. 5,143,854; 5,510,270; and
5,527,681), mechanical methods (e.g., directed-flow methods
as described in U.S. Pat. No. 5,384,261), pin-based methods
(e.g., as described in U.S. Pat. No. 5,288,514), and bead-
based techniques (e.g., as described in PCT US/93/04145). A
nucleic acid array can detect one or more MLKs (e.g., phos-
phorylated MLKs) in conjunction with one or more other
proteins involved in metabolism (e.g., leptin or leptin recep-
tor).

Metabolites that are associated with a metabolic disorder,
e.g., diabetes, or other disorder described herein can be
detected by a variety of means, including enzyme-coupled
assays, using labeled precursors, and nuclear magnetic reso-
nance (NMR). For example, NMR can be used to determine
the relative concentrations of phosphate-based compounds in
a sample, e.g., creatine levels. Other metabolic parameters
such as redox state, ion concentration (e.g., Ca®)(e.g., using
ion-sensitive dyes), and membrane potential can also be
detected (e.g., using patch-clamp technology).

The detection of MLK expression or activity can be used to
detect cells that have been activated by FFA. Detection of
such cells can be useful in early diagnosis of metabolic stress
disorders, e.g., insulin resistance. Additionally, antibodies to
an MLK, e.g., a phosphorylated MLK, can be used to target
therapeutic molecules (e.g., inhibitors of MLK activity or
expression) to cells that have been activated by FFA.

An evaluation of MLK expression or activity in a cell or
tissue of a subject can be compared to a control or reference
value. Control or reference values can be determined by one
of ordinary skill in the art and can include, e.g., a value (e.g.,
amean or median value) obtained from one or more individu-
als diagnosed as having a metabolic stress disorder; a value
(e.g., a mean or median value) obtained from one or more
individuals diagnosed as not having a metabolic stress disor-
der; a value (e.g., a mean or median value) obtained from one
or more individuals diagnosed as being at risk for a metabolic
stress disorder; a value (e.g., a mean or median value)
obtained from a random sample or population of individuals;
or a threshold value (e.g., above which the subject is deter-
mined to have a probability (e.g., about 50%, 60%, 70%,
80%, 90%, 95%, 98%, 99% or greater) of being at risk for or
having a metabolic stress disorder. Threshold values can be
determined by analysis of values of MLK expression or activ-
ity of individuals diagnosed as not having, having, or being at
risk for one or more metabolic stress disorders.

The methods described herein in which an antibody to an
MLK is employed can be performed, for example, by utiliz-
ing pre-packaged kits comprising at least one such specific
antibody described herein, which may be conveniently used,
for example, in clinical settings, to diagnose subjects exhib-
iting symptoms of metabolic stress disorders.
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In some aspects, a compound (e.g., an antibody or antigen-
binding fragment thereof) that binds to an MLK can be used
in the production of a composition, e.g., a therapeutic or
diagnostic composition, by conjugating a therapeutic or diag-
nostic moiety such as a drug, toxin, chelator, a boron com-
pound and a detectable label, to the MLK binding compound.
Methods for making such compositions are known in the art,
see, e.g., McCarron et al., Mol Interv., 5:368-80 (2005), and
U.S. Pat. Pub. No. 2006/0088539. The compositions can be
used to target drug molecules to cells that contain an MLK,
e.g., a phosphorylated MLK. In some embodiments, these
compositions can be used to treat metabolic stress disorders.
For example, the therapeutic moiety can be an inhibitor of
MLK expression or activity, e.g., an inhibitor of MLK expres-
sion or activity described herein.

Techniques for conjugating a therapeutic or diagnostic
moiety to an antibody are well known (see, e.g., Amon et al.,
1985, “Monoclonal Antibodies For Immunotargeting Of
Drugs In Cancer Therapy”, in Monoclonal Antibodies And
Cancer Therapy, Reisfeld et al., Eds., Alan R. Liss, Inc. pp.
243-256; Hellstrom et al., 1987, “Antibodies For Drug Deliv-
ery”, in Controlled Drug Delivery, 2nd ed., Robinson et al.,
Eds., Marcel Dekker, Inc., pp. 623-653; Thorpe, 1985, “Anti-
body Carriers Of Cytotoxic Agents In Cancer Therapy: A
Review”, in Monoclonal Antibodies '84: Biological And
Clinical Applications, Pinchera et al., Eds., pp. 475-506;
“Analysis, Results, And Future Prospective Of The Therapeu-
tic Use Of Radiolabeled Antibody In Cancer Therapy”, in
Monoclonal Antibodies For Cancer Detection And Therapy,
Baldwin et al., Eds., Academic Press, pp. 303-316, 1985; and
Thorpe et al., 1982, Immunol. Rev., 62:119-158). Alterna-
tively, an antibody can be conjugated to a second antibody to
form an antibody heteroconjugate as described by Segal in
U.S. Pat. No. 4,676,980.

Pharmaceutical Formulations

Standard principles of medicinal chemistry can be used to
produce derivatives of an inhibitor of MLK expression or
activity. Derivatives can be screened for improved pharma-
cological properties, for example, efficacy, pharmaco-kinet-
ics, stability, solubility, and clearance. The moieties respon-
sible for a compound’s activity in the assays described above
can be delineated by examination of structure-activity rela-
tionships (SAR) as is commonly practiced in the art. A person
of ordinary skill in pharmaceutical chemistry can modify
moieties on a candidate compound or agent and measure the
effects of the modification on the efficacy of the compound or
agent to thereby produce derivatives with increased potency.
For an example, see Nagarajan et al., J. Antibiot., 41:1430-8
(1988). Furthermore, if the biochemical target of the com-
pound (or agent) is known or determined, the structure of the
target and the compound can inform the design and optimi-
zation of derivatives. Molecular modeling software is com-
mercially available (e.g., from Molecular Simulations, Inc.)
for this purpose.

The compounds and agents, nucleic acids, polypeptides,
and antibodies (all of which can be referred to herein as
“active compounds”), can be incorporated into pharmaceuti-
cal compositions. Such compositions typically include the
active compound and a pharmaceutically acceptable carrier
or excipient. A “pharmaceutically acceptable carrier” can
include solvents, dispersion media, coatings, antibacterial
and antifungal agents, isotonic and absorption delaying
agents, and the like, compatible with pharmaceutical admin-
istration. Supplementary active compounds can also be incor-
porated into the compositions.

There are a number of methods by which the new compo-
sitions for use in the new methods can be delivered to sub-
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jects, in general, and to specific cells or tissue in those sub-
jects, in particular. In one example, plasmids encoding
antibodies specific to midbody scar components (e.g., intra-
bodies) can be injected into a tissue. The plasmids would then
enter cells in that tissue and express a specific antibody,
which, in turn, would bind to the targeted midbody scar
protein. Delivery specificity of such plasmids can be
enhanced by associating them with organ- or tissue-specific
affinity, so that they preferentially enter specified cell types.

Compounds and their physiologically acceptable salts and
solvates may be formulated for administration by inhalation
or insufflation (either through the mouth or the nose) or oral,
buccal, parenteral or rectal administration.

The compounds will generally be formulated for parenteral
administration by injection, for example, by bolus injection
or continuous infusion. Formulations for injection may be
presented in unit dosage form, for example, in ampoules or in
multi-dose containers, with an added preservative. The com-
positions may take such forms as suspensions, solutions or
emulsions in oily or aqueous vehicles, and may contain for-
mulatory agents such as suspending, stabilizing and/or dis-
persing agents. Alternatively, the active ingredient may be in
powder form for constitution with a suitable vehicle, for
example, sterile pyrogen-free water, before use. Where the
compositions are intended for use in a specific treatment area,
the compositions can be administered by one or more local
injections into the tumor site to diminish as much as possible
any side eftects relating to the compound’s activities outside
of the treatment area.

In addition to the formulations described previously, the
compounds may also be formulated as a depot preparation.
Such long acting formulations may be administered by
implantation (for example subcutaneously or intramuscu-
larly) or by intramuscular injection. Thus, for example, the
compounds may be formulated with suitable polymeric or
hydrophobic materials (for example as an emulsion in an
acceptable oil) or ion exchange resins, or as sparingly soluble
derivatives, for example, as a sparingly soluble salt.

The compositions may, if desired, be presented in a pack or
dispenser device that may contain one or more unit dosage
forms containing the active ingredient. The pack may for
example comprise metal or plastic foil, such as a blister pack.
The pack or dispenser device may be accompanied by instruc-
tions for administration.

The therapeutic compositions of the invention can also
contain a carrier or excipient, many of which are known to
skilled artisans. Methods for making such formulations are
well known and can be found in, for example, Remington: The
Science and Practice of Pharmacy, University of the Sciences
in Philadelphia (USIP), 2005.

The compositions can also be formulated for intracellular
delivery of the active compounds, using methods known in
the art. For example, the compositions can include liposomes
or other carriers that deliver the active compound across the
plasma membrane. Vesicles that are covered with membrane-
permeant peptides, such as Tat or Antennapedia, can also be
used. A number of other methods for enhancing intracellular
delivery are familiar to those of skill in the art.

It is recognized that the pharmaceutical compositions and
methods described herein can be used independently or in
combination with one another. That is, subjects can be admin-
istered one or more of the pharmaceutical compositions, e.g.,
pharmaceutical compositions comprising a nucleic acid mol-
ecule or protein of the invention or a modulator thereof,
subjected to one or more of the therapeutic methods described
herein, or both, in temporally overlapping or non-overlapping
regimens. When therapies overlap temporally, the therapies
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may generally occur in any order and can be simultaneous
(e.g., administered simultaneously together in a composite
composition or simultaneously but as separate compositions)
or interspersed. By way of example, a subject aftlicted with a
disorder described herein can be simultaneously or sequen-
tially administered both a cytotoxic agent which selectively
kills aberrant cells and an antibody (e.g., an antibody of the
invention) which can, in one embodiment, be conjugated or
linked with a therapeutic agent, a cytotoxic agent, an imaging
agent, or the like.

Effective Doses

Toxicity and therapeutic efficacy of an inhibitor of MLK
expression or activity can be determined by standard phar-
maceutical procedures, using either cells in culture or experi-
mental animals to determine the LD50 (the dose lethal to 50%
of the population) and the ED50 (the dose therapeutically
effective in 50% of the population). The dose ratio between
toxic and therapeutic effects is the therapeutic index and it can
be expressed as the ratio LDS50/EDS50. Inhibitors that exhibit
large therapeutic indices are preferred. While inhibitors that
exhibit toxic side effects may be used, care can be taken to
design a delivery system that targets such compounds to the
site of affected tissue to minimize potential damage to non-
target cells and, thereby, reduce side effects.

The data obtained from the cell culture assays and animal
studies can be used in formulating a range of dosage for use in
humans. The dosage of such compounds lies preferably
within a range of circulating concentrations that include the
EDS50 with little or no toxicity. The dosage may vary within
this range depending upon the dosage form employed and the
route of administration utilized. For any compound used in
the new methods, the therapeutically effective dose can be
estimated initially from cell culture assays. A dose can also be
calculated in animal models to achieve a circulating plasma
concentration range that includes the IC50 (that is, the con-
centration of the test compound which achieves a half-maxi-
mal inhibition of symptoms) as determined in cell culture.
Such information can be used to more accurately determine
useful doses in humans.

EXAMPLES

The invention is further illustrated by the following
examples. The examples are provided for illustrative pur-
poses only. They are not to be construed as limiting the scope
or content of the invention in any way.

Example 1
Experimental Procedures

Mice

MIk3~"~ mice (Brancho et al., 2005, Mol. Cell. Biol.,
25:3670-3681) were back-crossed ten generations to the
C57B1/61] strain (Jackson Laboratories, Bar Harbor, Me.) and
were housed in a facility accredited by the American associa-
tion for Laboratory Animal Care. The animal studies were
approved by the Institutional Animal Care and Use Commit-
tee of the University of Massachusetts. Male mice were fed a
high fat diet ad libitum (Diet F3282, Bio-Serv, Frenchtown,
N.J.) or a standard diet for 16 weeks, and their body mass was
recorded weekly. Blood samples were collected from the tail
vain after an overnight fast after 6, 12, and 16 weeks on the
diet. Blood glucose concentrations were measured with a
DEX® glucometer (Bayer, Tarrytown, N.Y.), and plasma
insulin was measured by ELISA kit for rat insulin (Crystal
Chem, Downers Grove, Il1.). Tissues were removed and rap-
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idly frozen in liquid nitrogen for biochemical analysis. His-
tology was performed using tissue fixed in 10% formalin,
dehydrated, and embedded in paraffin. Sections were stained
with hematoxylin and eosin.
Cell Culture

Wild-type, Mkk4 ™=, Mkk7~~, and Mkk4~"~ Mkk7~'~ MEF
(Tournier et al., 2001, Genes Dev., 15:1419-1426) and wild-
type and MIk3~~ MEF have been previously described
(Brancho et al., 2005, Mol. Cell. Biol., 25:3670-3681). Wild-
type and PkcT™~ MEF have also been described (Leitges et
al., 2001, Mol. Cell, 8:771-780). MEF and HEK293 cells
(American Type Culture Collection) were cultured in Dul-
becco’s modified Eagle’s medium (DMEM) supplemented
with 10% fetal bovine serum (Invitrogen, Carlsbad, Calif.).
HEK293 cells were transfected with Lipofectamine™ trans-
fection reagent (Invitrogen, Carlsbad, Calif.). Sodium salts of
fatty acids (Sigma-Aldrich, St. Louis, Mo.) were dissolved in
PBS and mixed with free fatty acid (FFA)-free BSA (Roche).
Stearic acid (Sigma-Aldrich, St. Louis, Mo.) was dissolved in
ethanol and added to serum-free DMEM supplemented with
2% FFA-free BSA. After 1 hour incubation in serum-free
DMEM, cells were treated with 0.5 mM fatty acid/0.5% BSA
for 1-16 hours at 37° C.
Plasmids

Plasmid expression vectors for wild-type and kinase-nega-
tive PKCe were used in some experiments (Cai et al., 1997,
Mol. Cell. Biol. 17:732-741). The plasmid expression vector
for Flag-tagged INK1 was described previously (Derijard et
al., 1994, Cell, 76:1025-1037).
Biochemical Assays

Protein extracts were prepared using lysis buffer [20 mM
Tris™ buffer (pH 7.4), 1% Triton™ X-100 detergent, 10%
glycerol, 137 mM NaCl, 2 mM EDTA, 25 mM p-glycero-
phosphate, 1 mM sodium orthovanadate, 1 mM phenylmeth-
ylsulfonyl fluoride, and 10 ug/mL. of aprotinin and leupeptin].
Extracts (50 pg of protein) were examined by immunoblot
analysis with antibodies obtained from Cell Signaling
(MLK3, phosphoThr277, Ser281-MLK3, ERK, phospho-
ERK, p38, phospho-p38, AKT, phosphoSerd73-AKT,
PKCa, PKC), phospho-T-loop-PKC, and phospho-JNK),
Transduction Labs (PKCe), PharMingen (INK), Sigma
(a-Tubulin), and Upstate Biotechnology (IRS1, phospho-
Ser307-IRS1 and phospho-MKK?7). JNK activity was mea-
sured in an in vitro kinase assay using [y->*P]ATP and cJun as
substrates (Whitmarsh and Davis, 2001, Methods Enzymol.,
332:319-336).

Example 2
JNK is Activated by Saturated FFA

FFA-stimulated JNK activation was examined in mouse
embryonic fibroblasts (MEF). Treatment with palmitate
caused JNK activation in a time- and dose-dependent manner
that was detected by an in vitro kinase assay using [y->>P]ATP
and cJun as substrates (FIGS. 1A-1B). The concentration of
FFA that was sufficient to activate JINK in these cells is within
the physiological range for blood FFA concentrations in wild-
type mice (Kim et al., 2004, J. Clin. Invest., 114:823-827).

The capacity of different FFA to activate JNK in MEF was
investigated. Incubation with saturated FFA, including palmi-
tate and stearate, resulted in INK activation, whereas addition
of'mono- and poly-unsaturated FFA (oleate and linoleate) had
no effect (FIG. 1C). This example demonstrates that exposure
of MEF to saturated FFA, but not unsaturated FFA, causes
INK activation.
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Example 3

FFA-Stimulated JNK Activation is Mediated by
MKK4 and MKK7

The effect of MKK4 and MKK7-deficiency on FFA-stimu-
lated INK activation was tested. Compound mutant Mkk4~"~
Mkk7~"~ MEF failed to exhibit INK activation in response to
treatment with palmitate (FIG. 2C). Similarly, Mkk4 ™~ MEF
and Mkk7~~ MEF both failed to respond to palmitate with
increased INK activation (FIGS. 2A-2B). These data indicate
that both MKK4 and MKK?7 are required for FFA-stimulated
INK activity in MEF.

Example 4

MILK3 is Required for FFA-Stimulated JNK
Activation

To test whether MLLK3 is a component of a FFA-induced
signaling pathway, the effect of FFA on MLLK3 regulation was
examined. Immunoblot analysis using an antibody to the
MLK3 T-loop phosphorylation sites Thr-277 and Ser-281
demonstrated that treatment with saturated FFA caused
increased T-loop phosphorylation of MLK3 (FIG. 3A). This
observation indicates that MILK3 is activated by FFA and that
MLK3 is a component of a FFA-stimulated signaling path-
way.

To test whether MLK3 may be required for FFA-stimulated
JNK activation, MEF were prepared from wild-type and
MIk3~'~ mice. Treatment of wild-type MEF with saturated
FFA (palmitate), but not unsaturated FFA (oleate), caused
increased JNK activation (FIG. 3B). In contrast, MIk3~"~
MEF were unresponsive to saturated FFA (FIG. 3B). This
analysis demonstrated that MLK3 is necessary for FFA-
stimulated JNK activation in MEF.

It is possible that MLK3 may mediate the effects of FFA on
the p38 MAPK and ERK1/2 signaling pathways. Indeed, p38
MAPK and ERK1/2 were activated by treatment with satu-
rated FFA, although the response of these MAPK pathways
was modest compared with the robust effect of FFA to acti-
vate JINK (FIGS. 3B-3D). Comparative studies indicated that
MLK3-deficiency selectively blocked the effect of FFA on
INK activation. These studies demonstrated that MLK3 is
required for FFA-stimulated JNK activation and that it plays
either no role or a redundant role in FFA-stimulated activation
of other MAPK pathways.

Example 5

MLK3-Deficient Cells are Protected Against
FFA-Induced Insulin Resistance

The effect of FFA on insulin signaling in MEF was exam-
ined. Control studies demonstrated that treatment with FFA
caused JNK activation (FIG. 4A) and markedly decreased
insulin-stimulated AKT activation (FIG. 4B). In contrast,
MLK3-deficient cells did not exhibit FFA-stimulated JNK
activation (FIG. 4A), and FFA did not inhibit insulin-stimu-
lated AKT activation (FIG. 4B). Together, these data indicate
that MLLK3 is essential for FFA-stimulated JNK activation
and insulin resistance.

Example 6
Role of MLK3 in Obesity-Induced JNK Activation

Studies using cultured cells indicated that MLLK3 is essen-
tial for FFA-stimulated JNK activation (FIGS. 2-4). These
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observations suggested that M[LK3 may be important for INK
regulation by FFA invivo. To test this hypothesis, the effect of
MLK3-deficiency was examined in an animal model that is
associated with increased concentrations of blood FFA. Feed-
ing mice a high fat diet causes increased blood FFA and INK
activation (Hirosumi et al., 2002, Nature, 420:333-336). The
high fat diet also caused MLLK3 activation that was detected
by increased MLK3 T-loop phosphorylation in both epididy-
mal white adipose tissue and interscapular brown adipose
tissue (FIGS. 5A-5B).

To test whether MLK3 contributes to JNK activation in
vivo, adipose tissue was examined from mice fed either a
control diet (chow) or a high fat diet. INK was activated in
both the white fat (FIG. 5C) and the brown fat (FIG. 5D) of
mice fed a high fat diet. Studies of MIk3~"~ mice demon-
strated that MLLK3 was required for obesity-induced JNK
activation in brown fat (FIG. 5D), but not in white fat (FIG.
5C). The non-essential role of MLK3 in white fat may reflect
the expression of other members of the MLK group in this
tissue. These data indicate that MLK3 is essential for obesity-
induced INK activation in brown fat and that M[LK3 may play
only a redundant role in white fat. Histological analysis of
adipose tissue demonstrated that feeding a high fat diet
caused hypertrophy of both white and brown adipose tissue
(FIG. 5E, 5F). No differences between white fat from wild-
type and Mlk3~~ mice were detected. However, MLK3-de-
ficiency did cause markedly reduced lipid accumulation in the
brown fat of mice fed a high fat diet.

Example 7

MLK3 is Required for Inhibitory Phosphorylation of
1RSI

The adapter protein IRS1, an important mediator of signal-
ing by the insulin receptor, is phosphorylated on tyrosine and
serves to recruit multiple insulin-regulated signaling mod-
ules, including PI-3 kinase (White, 2006, Can. J. Physiol.
Pharmacol., 84:725-737). INK can suppress IRS1 function
by phosphorylating the inhibitory site Ser-307 (Aguirre et al.,
2000, J. Biol. Chem., 275:9047-9054; Aguirre et al., 2002, J.
Biol. Chem., 277:1531-1537; Lee etal., 2003, J. Biol. Chem.,
278:2896-2902). This observation suggests that IRS1 phos-
phorylation may be an important target of INK signaling in
mice fed a high fat diet (Hirosumi et al., 2002, Nature, 420:
333-336). Indeed, immunoblot analysis demonstrated that
feeding a high fat diet to wild-type mice caused increased
phosphorylation of IRS1 on the JNK phosphorylation site
Ser-307 in both white and brown adipose tissue (FIG. 6A).
Studies of MIk3~'~ mice demonstrated that MLK3-deficiency
slightly reduced IRS1 phosphorylation on Ser-307 in white
adipose tissue and markedly suppressed IRS1 Ser-307 phos-
phorylation in brown adipose tissue (FIG. 6A). These defects
in IRS1 Ser-307 phosphorylation indicate that MLLK3-defi-
ciency reduces obesity-induced JNK activation (FIGS. 5C,
5D).

To test whether these changes in inhibitory IRS1 phospho-
rylation are functionally relevant, the effect of insulin to cause
tyrosine phosphorylation of IRS1 was examined. Studies of
white adipose tissue demonstrated a similar increase in phos-
phorylation of IRS1 on Tyr and Ser-307 in wild-type and
MIk3~"~ mice (FIG. 6B). In contrast, studies of brown adipose
tissue demonstrated that MILK3-deficiency caused decreased
Ser-307 phosphorylation and markedly increased Tyr phos-
phorylation of IRS1 in brown adipose tissue (FIG. 6B). These
data provide biochemical evidence of increased insulin sen-
sitivity of brown fat in MLK3-deficient mice. Together, these
data indicate that MLLK3 is required for JNK-induced insulin
resistance in brown adipose tissue.
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The observation that insulin signaling is altered in M1k3~"~
mice indicated that MLLK3-deficiency, like JNK-deficiency,
can protect against diet-induced obesity and insulin resis-
tance. It was found that feeding a high fat diet caused similar
changes in body mass, glucose tolerance, insulin tolerance,
and fasting blood insulin and glucose concentrations in wild-
type and MIk3~~ mice (FIGS. 8A-8C). The lack of systemic
protection against diet-induced obesity and insulin resistance
caused by MLK3-deficiency is most likely the result of the
finding that MLK3 is required for obesity-induced JNK acti-
vation in brown adipose tissue (FIGS. 5-6) and liver (FIGS.
9A-9B) of MIk3~'~ mice, but MLK3 is not essential in other
tissues, including white adipose tissue (FIGS. 5-6) and
muscle. The function of MLK3 is probably redundant in
white fat and other tissues because of the expression of other
members of the MLK group.

Example 8

PKC is Required for MLLK3—Dependent INK
Activation Caused by FFA

The effect of FFA to activate PKC in MEF was examined
by immunoblot analysis using a PKC phosphospecific anti-
body. This analysis demonstrated that saturated FFA, but not
unsaturated FFA, caused PKC activation in both wild-type
and MIk3~~ MEF (FIG. 7A). These data indicate that FFA
can activate PKC independently of MLK3. To test whether
PKC might act as an upstream component of a FFA-stimu-
lated pathway that activates JNK, the effect of constitutively
activated PKC and kinase-negative PKC on INK activity was
compared. These data demonstrated that PKC can activate
INK (FIG. 7B). PKC can therefore function as a mediator of
FFA signaling to MLK3.

To test the requirement of PKC for FFA-stimulated MLK3
and JNK activation, the effect of PKC down-regulation was
examined. In initial studies, siRNA was used to down-regu-
late the PKC isoforms expressed in MEF (PKCa, PKCd,
PKCe, and PKCT). Down-regulation of individual PKC iso-
forms caused no change in FFA-induced MLK3 or JNK acti-
vation. This observation suggested that PKC isoforms may
serve redundant functions in this pathway. Efficient simulta-
neous down-regulation of multiple PKC isoforms using
siRNA was not obtained. An alternative approach was there-
fore used to obtain MEF lacking multiple PKC isoforms.
Treatment with the phorbol ester TPA (Phorbol-12-
Myristate-13-Acetate) caused down-regulation of diacylg-
lycerol-responsive PKC isoforms (c, 9, and €), but did not
affect FFA-induced MLK3 or JNK activation. This observa-
tion suggested an important role for PKCT, although PkeT ™"~
MEF exhibited no defect of FFA-induced MLK3 and INK
activation (FIG. 7C). The effect of pan-PKC deficiency was
therefore examined by treating PkcT ™'~ MEF with TPA (FIG.
7C). This approach demonstrated that PKC was essential for
FFA-induced activation of both MLLK3 and JNK (FIG. 7C).
These data indicate that multiple PKC isoforms (e, 9, €, and
C) in MEF serve redundant functions as upstream compo-
nents of a FFA-stimulated signaling pathway that regulates
MLK3-dependent activation of JNK (FIG. 7D).
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Example 8

MLK Inhibitors Reduce Development of Insulin
Resistance

The effects of the MLK inhibitor CEP-1347 on develop-
ment of insulin resistance in mice is determined. Male mice
are fed a high fat diet ad libitum (Diet F3282, Bio-Serv,
Frenchtown, N.J.) or a standard diet for 16 weeks, with each
group administered CEP-1347 subcutaneously (s.c.) ata dose
of 0.5 or 2.5 mg/kg or vehicle control, twice per day. Body
mass is recorded weekly, and blood samples are collected
from the tail vain after an overnight fast after 6, 12, and 16
weeks on the diet. Blood glucose concentrations are mea-
sured with a DEX® glucometer (Bayer, Tarrytown, N.Y.),
and plasma insulin is measured by ELISA kit for rat insulin
(Crystal Chem, Downers Grove, I11.). Glucose tolerance tests
are performed by i.p. administration of glucose (1.8 g/kg) and
measurement of blood glucose at t=15, 30, 60, 90, and 120
minutes in 16-week-old mice. Insulin tolerance tests are done
similarly except with the injection of human insulin (1 unit
perkg; Lilly Research Laboratories, Indianapolis). Untreated
animals fed the high fat diet display hyperinsulinemia, hyper-
glycemia, decreased insulin sensitivity, and impaired glucose
disposal. CEP-1347 decreases these symptoms as compared
to control treatment in the animals fed the high-fat diet. This
example demonstrates that MLK inhibitors can reduce devel-
opment of insulin resistance.

Example 9
MLK Inhibitors Alleviate Insulin Resistance

The effects of the MLK inhibitor CEP-1347 to alleviate
established insulin resistance in mice is determined. Ten-
week old ob/ob mice (Jackson Laboratory, Bar Harbor, Me.)
are obese and display hyperinsulinemia, hyperglycemia,
decreased insulin sensitivity, and impaired glucose disposal.
Such mice are administered CEP-1347 subcutaneously (s.c.)
ata dose of 0.5 or 2.5 mg/kg or vehicle control, twice per day
for two weeks. Blood glucose concentrations are measured
with a DEX® glucometer (Bayer, Tarrytown, N.Y.), and
plasma insulin is measured by ELIS A kit for rat insulin (Crys-
tal Chem, Downers Grove, I11.). Following day 14 of the
treatment, glucose tolerance tests are performed by i.p.
administration of glucose (1.8 g/kg) and measurement of
blood glucose at t=15, 30, 60, 90, and 120 minutes. Insulin
tolerance tests are performed similarly except with the injec-
tion of human insulin (1 unit per kg; Lilly Research Labora-
tories, Indianapolis). CEP-1347 decreases hyperinsulinemia
and hyperglycemia and at least partially restores insulin and
glucose tolerance as compared to vehicle control. This
example demonstrates that MLK inhibitors can alleviate
characteristics of insulin resistance.

OTHER EMBODIMENTS

A number of embodiments of the invention have been
described. Nevertheless, it will be understood that various
modifications may be made without departing from the spirit
and scope of the invention. Accordingly, other embodiments
are within the scope of the following claims.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 8

<210> SEQ ID NO 1
<211> LENGTH: 3315
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<212> TYPE: DNA
<213> ORGANISM: Human
<400> SEQUENCE: 1
atggagccct ccagagegcet tcteggetge ctagegageg cegecgetge cgcecccgecyg 60
ggggaggatg gagcaggggc cggggccgag gaggaggagg aggaggagga ggaggcggcyg 120
geggeggtygyg geccegggga gcetgggetge gacgegecge tgecctactg gacggcecegtyg 180
ttegagtacyg aggceggeggg cgaggacgag ctgaccctge ggetgggega cgtggtggag 240
gtgctgteca aggactcgca ggtgtccgge gacgagggcet ggtggaccgg gcagctgaac 300
cagcegggtgg gcatcttece cagcaactac gtgacccege gcagegectt ctccagecge 360
tgccagcceg gcoggegagga ccccagttge tacccgcecca ttcagttgtt agaaattgat 420
tttgcggage tcaccttgga agagattatt ggcatcgggg getttgggaa ggtctatcegt 480
getttetgga taggggatga ggttgetgtg aaagcagctce gecacgaccce tgatgaggac 540
atcagccaga ccatagagaa tgttcgecaa gaggccaage tcttegcecat gctgaagcac 600
cccaacatca ttgcectaag aggggtatgt ctgaaggage ccaacctetyg cttggtcatg 660
gagtttgcte gtggaggacce tttgaataga gtgttatctyg ggaaaaggat tcccccagac 720
atcctggtga attgggetgt gcagattgec agagggatga actacttaca tgatgaggca 780
attgttccca tcatccaccg cgaccttaag tccagcaaca tattgatcct ccagaaggtg 840
gagaatggag acctgagcaa caagattctg aagatcactg attttggect ggetcgggaa 900
tggcaccgaa ccaccaagat gagtgcggca gggacgtatg cttggatgge acccgaagte 960
atccgggect ccatgtttte caaaggcagt gatgtgtgga gcectatggggt gectactttgg 1020
gagttgctga ctggtgaggt gccctttecga ggcattgatg gcettagcagt cgcttatgga 1080
gtggccatga acaaactcgce ccttectatt ccttcectacgt geccagaacce ttttgccaaa 1140
ctcatggaag actgctggaa tcctgatcce cactcacgac catctttcac gaatatcctg 1200
gaccagctaa ccaccataga ggagtctggt ttctttgaaa tgcccaagga ctecttecac 1260
tgcctgcagg acaactggaa acacgagatt caggagacgt ttgaccaact cagggccaaa 1320
gaaaaggaac ttcgcacctg ggaggaggag ctgacgeggg ctgcactgca gcagaagaac 1380
caggaggaac tgctgeggceg tcgggagcag gagetggeceg agcegggagat tgacatcctg 1440
gaacgggagce tcaacatcat catccaccag ctgtgccagg agaagccccg ggtgaagaaa 1500
cgcaagggca agttcaggaa gagccggetg aagctcaagyg atggcaaccyg catcagecte 1560
ccttectgatt tccagcacaa gttcacggtg caggcctecce ctaccatgga taaaaggaag 1620
agtcttatca acagccgcte cagtcctcect gcaagcccca ccatcattece tegecttega 1680
gccatccagt tgacaccagg tgaaagcagce aaaacctggg gcaggagetc agtcegtccca 1740
aaggaggaag gggaggagga ggagaagagg gccccaaaga agaagggacyg gacgtggggg 1800
ccagggacgc ttggtcagaa ggagcttgec tcgggagatg aaggatcccc tcagagacgt 1860
gagaaagcta atggtttaag taccccatca gaatctccac atttccactt gggcctcaag 1920
tcectggtag atggatataa gcagtggtceg tccagtgecce ccaacctggt gaagggccca 1980
aggagtagcc cggccecctgec agggttcacce agecttatgg agatggagga tgaggacagt 2040
gaaggcccag ggagtggaga gagtcgcecta cagcattcac ccagccagtce ctacctetgt 2100
atcccattcece ctcecgtggaga ggatggcgat ggccccteca gtgatggaat ccatgaggag 2160
cccaccccag tcaactcgge cacgagtacce cctcagetga cgccaaccaa cagcectcaag 2220
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cggggceggtyg cccaccaccg ccgctgegag gtggctetge teggetgtgg ggctgttetg 2280
gcagccacag gcctagggtt tgacttgectg gaagctggca agtgccagcet gcttcecectg 2340
gaggagcctyg agccaccage ccgggaggag aagaaaagac gggagggtet ttttcagagg 2400
tccagecegte ctegteggag caccageccce ccatcccgaa agettttcaa gaaggaggag 2460
ccecatgetgt tgctaggaga cccctcetgcee tceectgacge tgctcectcecect ctectcecatce 2520
tcecgagtgca actccacacg ctecctgetg cgectceccgaca gecgatgaaat tgtcecgtgtat 2580
gagatgccag tcagcccagt cgaggeccct cccctgagte catgtaccca caaccccctg 2640
gtcaatgtcc gagtagagcg cttcaaacga gatcctaacc aatctctgac tcccacccat 2700
gtcaccctea ccacccccte gcageccage agtcaccgge ggactectte tgatggggece 2760
cttaagccag agactctecct agccagcagg agccccteca gcaatgggtt gagccccagt 2820
cctggagcag gaatgttgaa aacccccagt cecagcecgag acccaggtga attccccegt 2880
cteectgace ccaatgtggt cttccececca accccaagge gcetggaacac tcagcaggac 2940
tctaccttgg agagacccaa gactctggag tttectgecte ggccgegtece ttetgccaac 3000
cggcaacggce tggacccttg gtggtttgtg tcccccagece atgcccgcag cacctceccca 3060
gccaacaget ccagcacaga gacgceccage aacctggact cctgetttge tagcagtage 3120
agcactgtag aggagcggcc tggacttcca gccctgetece cgtteccagge agggcecgcetg 3180
ccecegactyg ageggacgcet cctggacctg gatgcagagg ggcagagtca ggacagcace 3240
gtgccgetgt gcagagcgga actgaacaca cacaggectg ceecttatga gatccageag 3300
gagttctggt cttag 3315

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

D NO 2

H: 1104
PRT

ISM: Human

<400> SEQUENCE: 2

Met Glu Pro
1

Ala Ala Pro
Glu Glu Glu
35

Gly Cys Asp
50

Ala Ala Gly
65

Val Leu Ser

Gly Gln Leu
Pro Arg Ser
115

Ser Cys Tyr
130

Thr Leu Glu
145

Ala Phe Trp

Ser Arg Ala Leu Leu

5

Pro Gly Glu Asp Gly

20

Glu Glu Glu Ala Ala

40

Ala Pro Leu Pro Tyr

55

Glu Asp Glu Leu Thr

70

Lys Asp Ser Gln Val

85

Asn Gln Arg Val Gly

100

Ala Phe Ser Ser Arg

120

Pro Pro Ile Gln Leu

135

Glu Ile Ile Gly Ile
150

Ile Gly Asp Glu Val

165

Gly Cys Leu
10

Ala Gly Ala
25

Ala Ala Val

Trp Thr Ala

Leu Arg Leu
75

Ser Gly Asp
90

Ile Phe Pro
105

Cys Gln Pro

Leu Glu Ile

Gly Gly Phe
155

Ala Val Lys
170

Ala Ser Ala
Gly Ala Glu
30

Gly Pro Gly
45

Val Phe Glu
60

Gly Asp Val

Glu Gly Trp

Ser Asn Tyr
110

Gly Gly Glu
125

Asp Phe Ala
140

Gly Lys Val

Ala Ala Arg

Ala Ala

Glu Glu

Glu Leu

Tyr Glu

Val Glu

80

Trp Thr
95

Val Thr

Asp Pro

Glu Leu

Tyr Arg

160

His Asp
175
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36

Pro

Lys

Gly
225

Ile

Asn

Ile

Thr

305

Ile

Asp

Pro

Cys

385

Asp

Asp

Thr

Glu

Leu

465

Glu

Arg

Lys

Thr

Ser
545
Ala

Ser

Lys

Asp

Leu

Cys

210

Gly

Leu

Asp

Ile

Leu

290

Lys

Arg

Leu

Gly

Ile

370

Trp

Gln

Ser

Phe

Glu

450

Arg

Arg

Val

Asp

Val

530

Arg

Ile

Val

Lys

Glu

Phe

195

Leu

Pro

Val

Glu

Leu

275

Lys

Met

Ala

Leu

Leu

355

Pro

Asn

Leu

Phe

Asp

435

Leu

Arg

Glu

Lys

Gly

515

Gln

Ser

Gln

Val

Lys

Asp

180

Ala

Lys

Leu

Asn

Ala

260

Ile

Ile

Ser

Ser

Trp

340

Ala

Ser

Pro

Thr

His

420

Gln

Thr

Arg

Leu

Lys

500

Asn

Ala

Ser

Leu

Pro
580

Gly

Ile

Met

Glu

Asn

Trp

245

Ile

Leu

Thr

Ala

Met

325

Glu

Val

Thr

Asp

Thr

405

Cys

Leu

Arg

Glu

Asn

485

Arg

Arg

Ser

Pro

Thr
565

Lys

Arg

Ser

Leu

Pro

Arg

230

Ala

Val

Gln

Asp

Ala

310

Phe

Leu

Ala

Cys

Pro

390

Ile

Leu

Arg

Ala

Gln

470

Ile

Lys

Ile

Pro

Pro

550

Pro

Glu

Thr

Gln

Lys

Asn

215

Val

Val

Pro

Lys

Phe

295

Gly

Ser

Leu

Tyr

Pro

375

His

Glu

Gln

Ala

Ala

455

Glu

Ile

Gly

Ser

Thr

535

Ala

Gly

Glu

Trp

Thr

His

200

Leu

Leu

Gln

Ile

Val

280

Gly

Thr

Lys

Thr

Gly

360

Glu

Ser

Glu

Asp

Lys

440

Leu

Leu

Ile

Lys

Leu

520

Met

Ser

Glu

Gly

Gly

Ile

185

Pro

Cys

Ser

Ile

Ile

265

Glu

Leu

Tyr

Gly

Gly

345

Val

Pro

Arg

Ser

Asn

425

Glu

Gln

Ala

His

Phe

505

Pro

Asp

Pro

Ser

Glu
585

Pro

Glu

Asn

Leu

Gly

Ala

250

His

Asn

Ala

Ala

Ser

330

Glu

Ala

Phe

Pro

Gly

410

Trp

Lys

Gln

Glu

Gln

490

Arg

Ser

Lys

Thr

Ser
570

Glu

Gly

Asn

Ile

Val

Lys

235

Arg

Arg

Gly

Arg

Trp

315

Asp

Val

Met

Ala

Ser

395

Phe

Lys

Glu

Lys

Arg

475

Leu

Lys

Asp

Arg

Ile
555
Lys

Glu

Thr

Val Arg Gln

Ile

Met

220

Arg

Gly

Asp

Asp

Glu

300

Met

Val

Pro

Asn

Lys

380

Phe

Phe

His

Leu

Asn

460

Glu

Cys

Ser

Phe

Lys

540

Ile

Thr

Glu

Leu

Ala

205

Glu

Ile

Met

Leu

Leu

285

Trp

Ala

Trp

Phe

Lys

365

Leu

Thr

Glu

Glu

Arg

445

Gln

Ile

Gln

Arg

Gln

525

Ser

Pro

Trp

Lys

Gly

190

Leu

Phe

Pro

Asn

Lys

270

Ser

His

Pro

Ser

Arg

350

Leu

Met

Asn

Met

Ile

430

Thr

Glu

Asp

Glu

Leu

510

His

Leu

Arg

Gly

Arg

590

Gln

Glu

Arg

Ala

Pro

Tyr

255

Ser

Asn

Arg

Glu

Tyr

335

Gly

Ala

Glu

Ile

Pro

415

Gln

Trp

Glu

Ile

Lys

495

Lys

Lys

Ile

Leu

Arg
575

Ala

Lys

Ala

Gly

Arg

Asp

240

Leu

Ser

Lys

Thr

Val

320

Gly

Ile

Leu

Asp

Leu

400

Lys

Glu

Glu

Leu

Leu

480

Pro

Leu

Phe

Asn

Arg
560
Ser

Pro

Glu
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38

Leu
Gly
625

Ser

Met

Arg

Arg

705

Pro

Asn

Leu

Leu

Pro

785

Ser

Lys

Thr

Leu

Ser

865

Thr

Arg

Ser

Met

945

Leu

Thr

Pro

Phe

Ala

610

Leu

Leu

Lys

Glu

Leu

690

Gly

Thr

Ser

Leu

Leu

770

Pro

Ser

Lys

Leu

Leu

850

Pro

Asn

Pro

Arg

Arg

930

Leu

Pro

Gln

Arg

Val
1010

595

Ser

Ser

Val

Gly

Met

675

Gln

Glu

Pro

Leu

Gly

755

Glu

Ala

Arg

Glu

Leu

835

Arg

Val

Val

Thr

Thr

915

Ser

Lys

Asp

Gln

Pro
995

Ser

Gly

Thr

Asp

Pro

660

Glu

His

Asp

Val

Lys

740

Cys

Ala

Arg

Pro

Glu

820

Ser

Ser

Glu

Arg

His

900

Pro

Pro

Thr

Pro

Asp
980

Arg

Pro

Asp

Pro

Gly

645

Arg

Asp

Ser

Gly

Asn

725

Arg

Gly

Gly

Glu

Arg

805

Pro

Leu

Asp

Ala

Val

885

Val

Ser

Ser

Pro

Asn
965
Ser

Pro

Ser

Glu

Ser

630

Tyr

Ser

Glu

Pro

Asp

710

Ser

Gly

Ala

Lys

Glu

790

Arg

Met

Ser

Ser

Pro

870

Glu

Thr

Asp

Ser

Ser

950

Val

Thr

Ser

His

600

Gly Ser Pro
615

Glu Ser Pro

Lys Gln Trp

Ser Pro Ala

665

Asp Ser Glu
680

Ser Gln Ser
695

Gly Pro Ser

Ala Thr Ser

Gly Ala His

745

Val Leu Ala
760

Cys Gln Leu
775

Lys Lys Arg

Ser Thr Ser

Leu Leu Leu

825

Ser Ile Ser
840

Asp Glu Ile
855

Pro Leu Ser

Arg Phe Lys

Leu Thr Thr
905

Gly Ala Leu
920

Asn Gly Leu
935

Pro Ser Arg

Val Phe Pro

Leu Glu Arg

985

Ala Asn Arg
1000

Ala Arg Ser
1015

Gln

His

Ser

650

Leu

Gly

Tyr

Ser

Thr

730

His

Ala

Leu

Arg

Pro

810

Gly

Glu

Val

Pro

Arg

890

Pro

Lys

Ser

Asp

Pro
970
Pro

Gln

Thr

Arg

Phe

635

Ser

Pro

Pro

Leu

Asp

715

Pro

Arg

Thr

Pro

Glu

795

Pro

Asp

Cys

Val

Cys

875

Asp

Ser

Pro

Pro

Pro

955

Thr

Lys

Arg

Ser

605

Arg Glu Lys
620

His Leu Gly

Ser Ala Pro

Gly Phe Thr

670

Gly Ser Gly
685

Cys Ile Pro
700

Gly Ile His

Gln Leu Thr

Arg Cys Glu

750

Gly Leu Gly
765

Leu Glu Glu
780

Gly Leu Phe

Ser Arg Lys

Pro Ser Ala

830

Asn Ser Thr
845

Tyr Glu Met
860

Thr His Asn

Pro Asn Gln

Gln Pro Ser
910

Glu Thr Leu
925

Ser Pro Gly
940

Gly Glu Phe

Pro Arg Arg

Thr Leu Glu
990

Leu Asp Pro
1005

Pro Ala Asn
1020

Ala

Leu

Asn

655

Ser

Glu

Phe

Glu

Pro

735

Val

Phe

Pro

Gln

Leu

815

Ser

Arg

Pro

Pro

Ser

895

Ser

Leu

Ala

Pro

Trp

975

Phe

Trp

Ser

Asn

Lys

640

Leu

Leu

Ser

Pro

Glu

720

Thr

Ala

Asp

Glu

Arg

800

Phe

Leu

Ser

Val

Leu

880

Leu

His

Ala

Gly

Arg

960

Asn

Leu

Trp

Ser
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40

Ser Thr Glu Thr Pro Ser Asn Leu Asp Ser Cys Phe Ala Ser Ser Ser
1030 1035 1040

1025

Ser Thr Val Glu Glu Arg Pro Gly Leu Pro Ala Leu Leu Pro Phe Gln

1045

1050 1055

Ala Gly Pro Leu Pro Pro Thr Glu Arg Thr Leu Leu Asp Leu Asp Ala

1060

1065 1070

Glu Gly Gln Ser Gln Asp Ser Thr Val Pro Leu Cys Arg Ala Glu Leu
1075

1080 1085

Asn Thr His Arg Pro Ala Pro Tyr Glu Ile Gln Gln Glu Phe Trp Ser

1090

<210> SEQ ID NO 3
<211> LENGTH: 2865

<212> TYPE:

DNA

<213> ORGANISM: Human

<400> SEQUENCE: 3

atggaggagg

tggaccgcgg

gatcgegtee

gggcagctee

cecegetgeac

gaggagatca

gaggtggcag

caggtgtgec

aggggcgcct

gcactgagca

gtgcaggtgg

cgggacctca

gacacggtge

atgagcgetyg

tccaaaagca

gtcecectace

acgctgecca

gacccagace

gaacagtcag

aagctggaga

cgtgaggagg

¢ggcegggage

ctcatgtgec

cgcageeged

gagcataaga

gccagecece

gtggactgtg

ggtgggCCCC

aggaggggge

tgttcgacta

aggtgettte

ccageggecyg

cegegggect

teggtgtggg

tcaaggcege

aggaagcccg

gectcaacce

gggtgctgge

cceggggeat

agtccatcaa

tcaagatcac

cggggaccta

gtgatgtctyg

gtgagatcga

ttcecctecac

cccacgggeyg

cecctgtteca

ttcagcacat

agctgetgeg

aggagctggc

agctgageca

tgctcaaget

tcacagtcca

ctgcaagecc

gtggcagcag

caaagaagga

1095 1100

ggtggccaag gagtggggca cgacccecege ggggceccegte

cgaggcggcg ggcgacgagg agctgaccct geggagggge

ccaagactgt geggtgtceg gegacgaggyg ctggtggacce

cgtgggegte ttecccageca actacgtgge cceeggegec

ccagctgece caggagatce ccttecacga getgeageta

gggetttgge aaggtctatce gggecctgtyg gegtggcegag

ceggetggace cctgagaagg acceggcagt gacageggag

getetttgga geectgecage accccaacat aattgecctt

cccacaccte tgectagtga tggagtatge ccggggtggt

aggtcgeegyg gtgccaccte acgtgetggt caactggget

gaactaccta cacaatgatg cccctgtgee catcatccac

catcctgate ctggaggcca tcgagaacca caacctegea

ggacttegge ctegecegeg agtggcacaa gaccaccaag

cgectggatyg gegeceggagg ttatcegtet ctecctette

gagcttcggg gtgetgetgt gggagetgct gacgggggag

cgecttggee gtggegtatg gegtggetat gaataagetg

gtgccecgag ccectttgece gectectgga ggaatgetgyg

gecagattte ggtagcatct tgaagegget tgaagtcatce

gatgccactyg gagtccttee actcegetgca ggaagactgg

gtttgatgac cttcggacca aggagaagga gcttcggage

ggcggcacag gagcageget tccaggagga gcagcetgegg

agaacgtgag atggacatcg tggaacggga gctgecacctg

ggagaagcce cgggtcegea agcegcaaggg caacttcaag

gegggaagge ggcagcecaca tcagectgee ctetggettt

ggccteteca actctggata agceggaaagg atccgatggg

cagcatcate ccceggetga gggecatteg cctgacteec

cagtggcage agcagtggag gaagtgggac atggagecge

agaactggtc gggggcaaga agaagggacg aacgtggggg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680
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42

-continued
cccageteca ccctgcagaa ggagegggtyg ggaggagagyg agaggctgaa ggggetgggg 1740
gaaggaagca aacagtggtc atcaagtgcc cccaacctgg gcaagtcccc caaacacaca 1800
ccecatcgecce ctggcecttege cagcectcaat gagatggagg agttcgcgga ggcagaggat 1860
ggaggcagca gcgtgcccce ttececccectac tcgaccccegt cctacctete agtgcecactg 1920
cctgecgage ccteceeggyg ggcgegggeg cegtgggage cgacgcecgte cgcegecccce 1980
geteggtggyg gacacggcege ccggeggege tgcgacctgg cgetgcetagg ctgegccacy 2040
ctgetggggg ctgtgggect gggcgecgac gtggecgagyg cgcegegegge cgacggtgag 2100
gagcagcggce gctggctcga cggectcette tttcececcgeg cceggecgett ccecgeggggce 2160
ctcageccac ccgegegtee ccacggecge cgegaagacyg tgggeccegyg cctgggectyg 2220
gcgeectegyg ccaccctegt gtegetgteg tecgtgtceceg actgcaactce cacgcegttcea 2280
ctgctgeget ctgacagtga cgaggcecgcea ceggecgege cctecccace accctecccg 2340
cecegegecca cacccacgcece ctegeccage accaaccceece tggtggacct ggagetggag 2400
agcttcaaga aggacccccg ccagtcegete acgeccaccee acgtcacgge tgcatgeget 2460
gtgagcegeyg ggcaccggeg gacgecatceg gatggggege tggggcageg ggggecgece 2520
gagceccgegg gccatggece tggecctegt gaccttcectgg acttcecceccecg cctgeccgac 2580
ccecaggece tgtteccage ccgccgecgg ceccectgagt teccaggecyg ccccaccace 2640
ctgacctttg ccccgagacce teggcecggcet gccagtegece ceccgecttgga cecctggaaa 2700
ctggtctect tecggeccggac actcaccatc tcgectecca gcaggccaga cactcecggag 2760
agccetggge cccccagegt gecagcccaca ctgetggaca tggacatgga ggggcagaac 2820
caagacagca cagtgccecct gtgecggggcece cacggctcecce actaa 2865
<210> SEQ ID NO 4
<211> LENGTH: 954
<212> TYPE: PRT
<213> ORGANISM: Human
<400> SEQUENCE: 4
Met Glu Glu Glu Glu Gly Ala Val Ala Lys Glu Trp Gly Thr Thr Pro
1 5 10 15
Ala Gly Pro Val Trp Thr Ala Val Phe Asp Tyr Glu Ala Ala Gly Asp
20 25 30
Glu Glu Leu Thr Leu Arg Arg Gly Asp Arg Val Gln Val Leu Ser Gln
35 40 45
Asp Cys Ala Val Ser Gly Asp Glu Gly Trp Trp Thr Gly Gln Leu Pro
50 55 60
Ser Gly Arg Val Gly Val Phe Pro Ser Asn Tyr Val Ala Pro Gly Ala
65 70 75 80
Pro Ala Ala Pro Ala Gly Leu Gln Leu Pro Gln Glu Ile Pro Phe His
85 90 95
Glu Leu Gln Leu Glu Glu Ile Ile Gly Val Gly Gly Phe Gly Lys Val
100 105 110
Tyr Arg Ala Leu Trp Arg Gly Glu Glu Val Ala Val Lys Ala Ala Arg
115 120 125
Leu Asp Pro Glu Lys Asp Pro Ala Val Thr Ala Glu Gln Val Cys Gln
130 135 140
Glu Ala Arg Leu Phe Gly Ala Leu Gln His Pro Asn Ile Ile Ala Leu
145 150 155 160
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Arg

Ala

Pro

Tyr

Ser

225

Asp

Lys

Glu

Phe

Glu

305

Thr

Glu

Ile

Pro

Gln

385

Arg

Glu

Ile

Lys

Leu

465

Glu

Gly

Leu

Gly

Lys

545

Pro

Lys

Gly

Arg

His

Leu

210

Ile

Thr

Thr

Val

Gly

290

Ile

Leu

Glu

Leu

Leu

370

His

Glu

Gln

Val

Pro

450

Lys

His

Ser

Arg

Ser
530
Lys

Ser

Gly

Ala

Gly

Val

195

His

Asn

Val

Thr

Ile

275

Val

Asp

Pro

Cys

Lys

355

Glu

Met

Glu

Leu

Glu

435

Arg

Leu

Lys

Asp

Ala

515

Ser

Glu

Ser

Leu

Cys

Gly

180

Leu

Asn

Ile

Leu

Lys

260

Arg

Leu

Ala

Ile

Trp

340

Arg

Ser

Phe

Glu

Arg

420

Arg

Val

Arg

Ile

Gly

500

Ile

Ser

Glu

Thr

Gly

Leu

165

Ala

Val

Asp

Leu

Lys

245

Met

Leu

Leu

Leu

Pro

325

Asp

Leu

Phe

Asp

Leu

405

Arg

Glu

Arg

Glu

Thr

485

Ala

Arg

Gly

Leu

Leu
565

Glu

Asn

Leu

Asn

Ala

Ile

230

Ile

Ser

Ser

Trp

Ala

310

Ser

Pro

Glu

His

Asp

390

Leu

Arg

Leu

Lys

Gly

470

Val

Ser

Leu

Gly

Val
550

Gln

Gly

Pro

Ser

Trp

Pro

215

Leu

Thr

Ala

Leu

Glu

295

Val

Thr

Asp

Val

Ser

375

Leu

Arg

Glu

His

Arg

455

Gly

Gln

Pro

Thr

Ser
535
Gly

Lys

Ser

Pro

Arg

Ala

200

Val

Glu

Asp

Ala

Phe

280

Leu

Ala

Cys

Pro

Ile

360

Leu

Arg

Ala

Gln

Leu

440

Lys

Ser

Ala

Pro

Pro

520

Gly

Gly

Glu

Lys

His

Val

185

Val

Pro

Ala

Phe

Gly

265

Ser

Leu

Tyr

Pro

His

345

Glu

Gln

Thr

Ala

Glu

425

Leu

Gly

His

Ser

Ala

505

Val

Thr

Lys

Arg

Gln

Leu

170

Leu

Gln

Ile

Ile

Gly

250

Thr

Lys

Thr

Gly

Glu

330

Gly

Gln

Glu

Lys

Gln

410

Leu

Met

Asn

Ile

Pro

490

Ser

Asp

Trp

Lys

Val

570

Trp

Cys

Ala

Val

Ile

Glu

235

Leu

Tyr

Ser

Gly

Val

315

Pro

Arg

Ser

Asp

Glu

395

Glu

Ala

Cys

Phe

Ser

475

Thr

Pro

Cys

Ser

Lys
555

Gly

Ser

Leu

Gly

Ala

His

220

Asn

Ala

Ala

Ser

Glu

300

Ala

Phe

Pro

Ala

Trp

380

Lys

Gln

Glu

Gln

Lys

460

Leu

Leu

Ser

Gly

Arg

540

Gly

Gly

Ser

Val Met Glu

Arg

Arg

205

Arg

His

Arg

Trp

Asp

285

Val

Met

Ala

Asp

Leu

365

Lys

Glu

Arg

Arg

Leu

445

Arg

Pro

Asp

Ile

Gly

525

Gly

Arg

Glu

Ser

Arg

190

Gly

Asp

Asn

Glu

Met

270

Val

Pro

Asn

Arg

Phe

350

Phe

Leu

Leu

Phe

Glu

430

Ser

Ser

Ser

Lys

Ile

510

Ser

Gly

Thr

Glu

Ala

175

Val

Met

Leu

Leu

Trp

255

Ala

Trp

Tyr

Lys

Leu

335

Gly

Gln

Glu

Arg

Gln

415

Met

Gln

Arg

Gly

Arg

495

Pro

Ser

Pro

Trp

Arg

575

Pro

Tyr

Pro

Asn

Lys

Ala

240

His

Pro

Ser

Arg

Leu

320

Leu

Ser

Met

Ile

Ser

400

Glu

Asp

Glu

Leu

Phe

480

Lys

Arg

Ser

Pro

Gly
560

Leu

Asn
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Leu

Leu

625

Pro

Ser

Leu

Ala

Trp

705

Leu

Gly

Ser

Ala

Pro

785

Ser

Ala

Ala

Pro

Phe

865

Leu

Asp

Pro

Pro

945

<210>
<211>
<212>
<213>

<400>

Gly

Asn

610

Pro

Ala

Ala

Ala

Asp

690

Leu

Ser

Leu

Asp

Ala

770

Thr

Phe

Ala

Leu

Arg

850

Pro

Thr

Pro

Ser

Thr
930

Pro

Lys

595

Glu

Pro

Glu

Pro

Leu

675

Val

Asp

Pro

Gly

Cys

755

Pro

Pro

Lys

Cys

Gly

835

Asp

Ala

Phe

Trp

Arg

915

Leu

Leu

580

Ser

Met

Ser

Pro

Pro

660

Leu

Ala

Gly

Pro

Leu

740

Asn

Ala

Ser

Lys

Ala

820

Gln

Leu

Arg

Ala

Lys

900

Pro

Leu

Cys

SEQUENCE :

Pro

Glu

Pro

Ser

645

Ala

Gly

Glu

Leu

Ala

725

Ala

Ser

Ala

Pro

Asp

805

Val

Arg

Leu

Arg

Pro

885

Leu

Asp

Asp

Gly

SEQ ID NO 5
LENGTH:
TYPE: DNA
ORGANISM: Human

2544

5

Lys

Glu

Tyr

630

Pro

Arg

Cys

Ala

Phe

710

Arg

Pro

Thr

Pro

Ser

790

Pro

Ser

Gly

Asp

Arg

870

Arg

Val

Thr

Met

Ala
950

His

Phe

615

Ser

Gly

Trp

Ala

Arg

695

Phe

Pro

Ser

Arg

Ser

775

Thr

Arg

Arg

Pro

Phe

855

Pro

Pro

Ser

Pro

Asp

935

His

Thr

600

Ala

Thr

Ala

Gly

Thr

680

Ala

Pro

His

Ala

Ser

760

Pro

Asn

Gln

Gly

Pro

840

Pro

Pro

Arg

Phe

Glu

920

Met

Gly

585

Pro

Glu

Pro

Arg

His

665

Leu

Ala

Arg

Gly

Thr

745

Leu

Pro

Pro

Ser

His

825

Glu

Arg

Glu

Pro

Gly

905

Ser

Glu

Ser

Ile

Ala

Ser

Ala

650

Gly

Leu

Asp

Ala

Arg

730

Leu

Leu

Pro

Leu

Leu

810

Arg

Pro

Leu

Phe

Ala

890

Arg

Pro

Gly

His

Ala

Glu

Tyr

635

Pro

Ala

Gly

Gly

Gly

715

Arg

Val

Arg

Ser

Val

795

Thr

Arg

Ala

Pro

Pro

875

Ala

Thr

Gly

Gln

Pro

Asp

620

Leu

Trp

Arg

Ala

Glu

700

Arg

Glu

Ser

Ser

Pro

780

Asp

Pro

Thr

Gly

Asp

860

Gly

Ser

Leu

Pro

Asn
940

Gly

605

Gly

Ser

Glu

Arg

Val

685

Glu

Phe

Asp

Leu

Asp

765

Pro

Leu

Thr

Pro

His

845

Pro

Arg

Arg

Thr

Pro

925

Gln

590

Phe

Gly

Val

Pro

Arg

670

Gly

Gln

Pro

Val

Ser

750

Ser

Ala

Glu

His

Ser

830

Gly

Gln

Pro

Pro

Ile

910

Ser

Asp

Ala

Ser

Pro

Thr

655

Cys

Leu

Arg

Arg

Gly

735

Ser

Asp

Pro

Leu

Val

815

Asp

Pro

Ala

Thr

Arg

895

Ser

Val

Ser

Ser

Ser

Leu

640

Pro

Asp

Gly

Arg

Gly

720

Pro

Val

Glu

Thr

Glu

800

Thr

Gly

Gly

Leu

Thr

880

Leu

Pro

Gln

Thr



47

US 9,061,009 B2

-continued

48

atggagccct

agcgggggtyg

tatgccaacc

gecctgagga

gagggctggt

tCthgggtg

gaggtgatcg

gtggetgtga

gttcegecagyg

getgtgtgee

ctcagecgag

cagattgecece

gatctcaagt

aagaccctga

agtgccgegg

aagggcagtg

ccataccgtyg

ctgeecatee

caggaccccec

gcacaggtce

cgcgagatce

daggaggagce

cgcgageace

ctgcagcagyg

agcaagctcc

cgcatcaceyg

cctggggatt

ggccaggeat

cgagcatget

agaaggtccc

ggatcteett

gaggagccca

atccageggyg

ctgcageege

ccaacgeecg

aagacgccceg

ggccagcggt

cceecacegyg

ctgggectca

tttgtgtcag

tgaagagcct

gtgggggcgy

cggtgtggac

agggtgaccg

dggcgggeca

geggeccgece

gcattggagg

aggcagcteg

aggccegget

tggaggagcc

ctetggecgy

gtgggatgca

ccaacaacat

agatcaccga

gcacctacge

acgtctggag

gcattgactyg

catccacctyg

accgcaggec

tacgggaaat

agggtctett

tgacgcgage

tgctggeeca

tggaccgega

dggcgcegega

tgcaggecte

cgcccaccett

ggggccgceca

gggcttgggy

gcatggacga

ccacacccece

agaggcctgt

cgectgetgeg

cgggaggccc

cgecectgece

actcceegec

cagccaagag

ggacatcacyg

tcagcegace

ctgggecacy

cttectcaag

tggaggaggce

agcectgtte

tgtggaggtg

ggtgggtgge

ccectgegag

ctttggcaag

ccaggacccec

cttegecatg

caacctgtge

geggegegtyg

ctacctgeac

tttgctgety

ctttggectyg

ctggatgget

ttttggggty

ccttgetgty

ccecegagecc

cgacttegec

gccgcgggac

cgacgagetyg

dgcgcegegag

gtgggagcta

gegacegcac

¢ggcggegag

acceggectt

tcceceggtte

gtcececcga

tcccagttec

agccacatgg

agcactcaat

ccecegeagag

cggcaccgec

aggacgcgag

gaccgagecyg

cactcctgea

ccececgacgt

ctectgetect

teggeecteg

gecttetece

agccctetag

cggcctgagg

gactacgagce

ctgtcecegygy

caggtgggca

gtggccaget

gtgtacaggg

gatgaggaca

ctggcacacc

ctggtgatgg

cctecccatyg

tgcgaggece

cagcccattyg

geccgagagt

cctgaggtta

ctgctgtggg

gectatggeyg

ttcgcacage

tccatectge

tccttecatt

cgagccaagg

cagcggtcac

gaggtgtteg

gtgegecgee

cgtatcageca

gaccggagga

cgagccatee

cgtctggagg

cccaagectyg

tacctggatt

ggtaacccce

cgceggtagea

ctgetegect

cgcggggage

ccececttece

ccectgttge

daggaggagce

ggcaccccag

ccecttegea

ctgccatcac

ggtcatggaa tggcagtgge

ggtctecaaa ggcagegggt

ccagtgggca ggatgagetg

acgcagccat ctcaggagac

tcttecegte caactatgtyg

tccaggaget geggetggag

gcagctggcg aggtgagctg

tcagtgtgac agccgagage

ccaacatcat tgccctcaag

agtatgcagce cggtgggecc

tgctggtcaa ctgggetgty

tggtgccegt catccaccgt

agagtgacga catggagcac

ggcacaaaac cacacaaatg

tcaaggccte caccttetet

aactgctgac cggggaggtg

tagctgttaa caagctcaca

ttatggcecga ctgctgggeyg

agcagttgga ggcgctggag

ccatgcagga aggctggaag

aaaaggaact actgagccge

aggcggagca gctgeggegyg

agcgcgaget gacgetgetg

gecgegggac attcaagege

tgccactega cttcaagcac

gaaacgtett cgaggtceggg

agttggagcce tgcagagceca

actcaagcaa tggagagcgg

gggaagccca gaatgggagg

cagatgactc atccccectta

cgeggectag cctggagece

getetgggac geccaagetg

cgectgggect tggeccgegac

ccccgacaac accccccacg

cgctcatetyg cttetegete

tggacctggg tatccctgtyg

ccegeggagg cactgtcetca

gcaccecacg ttcaccacce

gecgeattga tcectggage

cacagcctge accccgecga

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400
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gcaccctgga ccttgttcecce ggactcagac cccttetggg actccccacce tgccaacccce 2460
tteccaggggg gceccccagga ctgcagggca cagaccaaag acatgggtge ccaggecccg 2520

tgggtgccgg aagcggggec ttga 2544

<210> SEQ ID NO 6
<211> LENGTH: 847
<212> TYPE: PRT

<213> ORGANISM: Human

<400> SEQUENCE: 6

Met Glu Pro Leu Lys Ser Leu Phe Leu Lys Ser Pro Leu Gly Ser Trp
1 5 10 15

Asn Gly Ser Gly Ser Gly Gly Gly Gly Gly Gly Gly Gly Gly Arg Pro
20 25 30

Glu Gly Ser Pro Lys Ala Ala Gly Tyr Ala Asn Pro Val Trp Thr Ala
35 40 45

Leu Phe Asp Tyr Glu Pro Ser Gly Gln Asp Glu Leu Ala Leu Arg Lys
50 55 60

Gly Asp Arg Val Glu Val Leu Ser Arg Asp Ala Ala Ile Ser Gly Asp
65 70 75 80

Glu Gly Trp Trp Ala Gly Gln Val Gly Gly Gln Val Gly Ile Phe Pro
85 90 95

Ser Asn Tyr Val Ser Arg Gly Gly Gly Pro Pro Pro Cys Glu Val Ala
100 105 110

Ser Phe Gln Glu Leu Arg Leu Glu Glu Val Ile Gly Ile Gly Gly Phe
115 120 125

Gly Lys Val Tyr Arg Gly Ser Trp Arg Gly Glu Leu Val Ala Val Lys
130 135 140

Ala Ala Arg Gln Asp Pro Asp Glu Asp Ile Ser Val Thr Ala Glu Ser
145 150 155 160

Val Arg Gln Glu Ala Arg Leu Phe Ala Met Leu Ala His Pro Asn Ile
165 170 175

Ile Ala Leu Lys Ala Val Cys Leu Glu Glu Pro Asn Leu Cys Leu Val
180 185 190

Met Glu Tyr Ala Ala Gly Gly Pro Leu Ser Arg Ala Leu Ala Gly Arg
195 200 205

Arg Val Pro Pro His Val Leu Val Asn Trp Ala Val Gln Ile Ala Arg
210 215 220

Gly Met His Tyr Leu His Cys Glu Ala Leu Val Pro Val Ile His Arg
225 230 235 240

Asp Leu Lys Ser Asn Asn Ile Leu Leu Leu Gln Pro Ile Glu Ser Asp
245 250 255

Asp Met Glu His Lys Thr Leu Lys Ile Thr Asp Phe Gly Leu Ala Arg
260 265 270

Glu Trp His Lys Thr Thr Gln Met Ser Ala Ala Gly Thr Tyr Ala Trp
275 280 285

Met Ala Pro Glu Val Ile Lys Ala Ser Thr Phe Ser Lys Gly Ser Asp
290 295 300

Val Trp Ser Phe Gly Val Leu Leu Trp Glu Leu Leu Thr Gly Glu Val
305 310 315 320

Pro Tyr Arg Gly Ile Asp Cys Leu Ala Val Ala Tyr Gly Val Ala Val
325 330 335

Asn Lys Leu Thr Leu Pro Ile Pro Ser Thr Cys Pro Glu Pro Phe Ala
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Gln

Phe

Arg

385

Arg

Leu

Ser

Glu

Asp

465

Ser

Asp

Arg

Arg

Gly

545

Arg

Gln

Asp

Leu

Arg

625

Ile

Leu

Glu

Glu

Ser
705
Gly

Gly

Pro

Leu

Ala

370

Glu

Glu

Leu

Gln

Leu

450

Arg

Lys

Phe

Arg

Phe

530

Arg

Ala

Asn

Ser

Asn

610

Pro

Gln

Gly

Ser

Pro

690

Pro

Gln

Thr

Gly

Met

355

Ser

Met

Ile

Ser

Ala

435

Glu

Glu

Leu

Lys

Asn

515

Arg

Gln

Cys

Gly

Asp

595

Gly

Val

Arg

Arg

Pro

675

Pro

Pro

Arg

Val

Thr
755

340

Ala

Ile

Pro

Gln

Arg

420

Glu

Val

Arg

Arg

His

500

Val

Ala

Ser

Trp

Arg

580

Asp

Asn

Pro

Ala

Asp

660

Thr

Pro

Thr

Ser

Ser
740

Pro

Asp

Leu

Arg

Gly

405

Glu

Gln

Phe

Pro

Ala

485

Arg

Phe

Ile

Pro

Ala

565

Arg

Ser

Pro

Ala

Leu

645

Leu

Thr

Ser

Pro

Ala
725

Pro

Arg

Cys

Gln

Asp

390

Leu

Glu

Leu

Glu

His

470

Arg

Ile

Glu

Gln

Arg

550

Trp

Arg

Ser

Pro

Glu

630

Leu

Gln

Pro

Pro

Ala

710

Lys

Pro

Ser

Trp

Gln

375

Ser

Phe

Glu

Arg

Arg

455

Val

Asp

Thr

Val

Leu

535

Arg

Gly

Ser

Pro

Arg

615

Arg

Arg

Pro

Pro

Leu

695

Pro

Ser

Pro

Pro

Ala

360

Leu

Phe

Asp

Leu

Arg

440

Glu

Arg

Gly

Val

Gly

520

Glu

Leu

Pro

Arg

Leu

600

Pro

Gly

Gly

Pro

Thr

680

Ile

Leu

Pro

Gly

Pro
760

345

Gln

Glu

His

Glu

Thr

425

Arg

Leu

Arg

Gly

Gln

505

Pro

Pro

Glu

Ser

Met

585

Gly

Ser

Ser

Thr

Gly

665

Pro

Cys

Leu

Arg

Thr
745

Leu

Asp

Ala

Ser

Leu

410

Arg

Glu

Thr

Arg

Glu

490

Ala

Gly

Ala

Asp

Ser

570

Asp

Ser

Leu

Ser

Ala

650

Gly

Thr

Phe

Leu

Arg
730

Ser

Gly

Pro

Leu

Met

395

Arg

Ala

His

Leu

Arg

475

Arg

Ser

Asp

Glu

Ser

555

Pro

Glu

Pro

Glu

Ser

635

Leu

Pro

Pro

Ser

Asp

715

Glu

Arg

Leu

His

Glu

380

Gln

Ala

Ala

Leu

Leu

460

Gly

Ile

Pro

Ser

Pro

540

Ser

Lys

Ala

Ser

Pro

620

Gly

Leu

Gly

Ala

Leu

700

Leu

Glu

Ser

Ile

Arg

365

Ala

Glu

Lys

Arg

Leu

445

Leu

Thr

Ser

Gly

Pro

525

Gly

Asn

Pro

Thr

Thr

605

Glu

Thr

Ala

Arg

Pro

685

Lys

Gly

Glu

Ala

Ser
765

350

Arg

Gln

Gly

Glu

Glu

430

Ala

Gln

Phe

Met

Leu

510

Thr

Gln

Gly

Gly

Trp

590

Pro

Glu

Pro

Ser

Glu

670

Cys

Thr

Ile

Pro

Pro
750

Arg

Pro

Val

Trp

Lys

415

Gln

Gln

Gln

Lys

Pro

495

Asp

Phe

Ala

Glu

Glu

575

Tyr

Pro

Pro

Lys

Leu

655

Arg

Pro

Pro

Pro

Arg
735

Gly

Pro

Asp

Leu

Lys

400

Glu

Arg

Trp

Val

Arg

480

Leu

Arg

Pro

Trp

Arg

560

Ala

Leu

Ala

Lys

Leu

640

Gly

Gly

Thr

Asp

Val
720
Gly

Thr

Arg
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Pro Ser Pro
770

Gly Pro Arg
785

Ala Pro Trp

Pro Ala Asn

Lys Asp Met
835

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

Leu Arg Ser Arg Ile

775

Pro Ser Pro Leu Pro
790

Thr Leu Phe Pro Asp

805

Pro Phe Gln Gly Gly

820

Gly Ala Gln Ala Pro

D NO 7

H: 3111
DNA

ISM: Human

<400> SEQUENCE: 7

atggctttge

ceceggegget

gggctgtggg

cgeggecage

tgggcaggcc

cgeeeggecyg

ttcgagegge

gecacctgge

gcggceggegy

cccaacatca

gagttcgece

cegegegage

geegtgcaga

caccgggace

tgcaataaaa

aaaatgagca

ttttctaagy

gaagtccect

ctcactttge

tggcaacaag

attgaggggg
tggaaactag

tccegggaag

aagcggcgtg

attctgatat

aagagaagtc

cacaagataa

agttccagte

dgggegecge

cagegtecte

cegegeteta

tggtggaggt

aggtgcagcg

ccageeeage

tggagctgaa

agggccagga

ctgccgagag

tcgagetgeg

dcggeggage

ceggeccacyg

tagecgegggg

tcaagtccag

ctttgaagat

cagcaggcac

gaagcgacat

atcggggcat

ccattccatce

accctcatat

cagtgatgac

aaattcaaca

aggagctgac

agcagcagct

tccagetaaa

gtttaaagct

cegtgeagge

cccecgageag

840

gggagegacce
gtcegtecace
tgactacgag
gttgtcegcag
gegectegge
geegeegece
ggagctcatce
ggtggecgtyg
cgtgeggege
cggegtgtge
gctcaaccga
cegegegage
catgctctac
caacattttg
tacagatttt
ctatgectgyg
ctggagetgt
tgatggecte
cacctgeect
tcgtecateg
tgagatgcct
aatgtttgat

thggngCt

dgcagagegce

ccaggagaag

caaagatgga

ctctceccaac

ccccacaatg

Asp Pro Trp
Ser Pro Gln
795

Ser Asp Pro
810

Pro Gln Asp
825

Trp Val Pro

gacacccegg
tcctegggey
getegeggeg
gacgcegecyg
atctteceeg
tcgeggecca
ggcgetgggy
aaggcggege
gaggctcgge
ctgcagcage
gegetggecy
cgcatececte
ctgcatgagyg
ctacttgaag
gggttggcga
atggcceceeg
ggagtgctge
geegtggett
gagcegttty
tttgccttaa
caagaatctt
gagttgagaa
ctgcagcaga
gagatcgacyg
cccaaggtaa
catcgaatca
ttggacaaac

atgcceccgac

Ser Phe Val
780

Pro Ala Pro

Phe Trp Asp

Cys Arg Ala

830

Glu Ala Gly
845

tgtcctegge
geteggecte
aggacgagct
tgtcgggega
ccaactacgt
geteceeggt
gettegggea
gccaggacce
tcttegecat
cgcacctety
ctgccaacge
cgcacgtget
aggccttegt
agatagaaca
gggaatggca
aagtgatcaa
tgtgggaact
atggggtage
ccaagcetceat
ttctcgaaca
ttcattccat
caaaggaaaa
agtctcagga
tgctggageyg
agaagaggaa
gtttacctte
ggcggagect

tccgagecat

Ser Ala
Arg Arg
800

Ser Pro
815

Gln Thr

Pro

cgggggagec
ggegggegeg
gagcctgegg
cgagggctgg
ggctcectge
acacgtcgee
ggtgtaccge
ggagcaggac
getgeggeac
cctggtgety
cgececceggac
ggtcaactgg
geccateetyg
tgatgacatc
caggaccace
gtcttectty
gctcaccgga
agtcaataaa
gaaagaatgc
gttgactgcet
gcaagatgac
ggagctgega
ggagctgceta
ggaacttaac
gggcaagttt
agatttccag
gaacagcagce

acagttgact

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680
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tcagatgaaa gcaataaaac ttggggaagg aacacagtct ttcgacaaga agaatttgag 1740
gatgtaaaaa ggaattttaa gaaaaaaggt tgtacctggg gaccaaattc cattcaaatg 1800
aaagatagaa cagattgcaa agaaaggata agacctctct ccgatggcaa cagtccttgg 1860
tcaactatct taataaaaaa tcagaaaacc atgcccttgg cttcattgtt tgtggaccag 1920
ccagggtcct gtgaagagcc aaaactttce cctgatggat tagaacacag aaaaccaaaa 1980
caaataaaat tgcctagtca ggcctacatt gatctacctce ttgggaaaga tgctcagaga 2040
gagaatcctyg cagaagctgg aagctgggag gaggcagect ctgcgaatgce tgcecacagtce 2100
accattgaga tggctcctac gaatagtctg agtagatccce cccagagaaa gaaaacggag 2160
tcagctetgt atgggtgcac cgtccttcectg gcateggtgg ctcectgggact ggacctcaga 2220
gagcttcata aagcacaggce tgctgaagaa ccgttgecca aggaagagaa gaagaaacga 2280
gagggaatct tccagceggge ttccaagtcece cgcagaageg ccagtcectec cacaagectg 2340
tcatccacct gtggggaggc cagcagccca ccctceccectge cactgtcaag tgccctgggce 2400
atcctcecteca caccttettt cteccacaaag tgcctgcetge agatggacag tgaagatcca 2460
ctggtggaca gtgcacctgt cacttgtgac tctgagatgc tcactccgga tttttgtcce 2520
actgccceccag gaagtggteg tgagccagce ctcatgccaa gacttgacac tgattgtagt 2580
gtatcaagaa acttgccgte ttecttecta cagcggacat gtgggaatgt accttactgt 2640
gcttettcaa aacatagacce atcacatcac agacggacca tgtctgatgg aaatccgacce 2700
ccaactggtg caactattat ctcagccact ggagcctcetg cactgccact ctgcccectca 2760
cctgctecte acagtcatcect gccaagggag gtctcaccca agaagcacag cactgtccac 2820
atcgtgecte agcgtcgecce tgectceectg agaagccgcet cagatctgece tcaggcttac 2880
ccacagacag cagtgtctca gctggcacag actgcctgtg tagtgggtceg cccaggacca 2940
catcccaccce aattecctege tgccaaggag agaactaaat cccatgtgcce ttcattactg 3000
gatgttgacg tggaaggtca gagcagggac tacactgtgc cactgggtag aatgaggagc 3060
aaaaccagcce ggccatctat atatgaactg gagaaagaat tcctgtctta a 3111

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

D NO 8

H: 1036
PRT

ISM: Human

<400> SEQUENCE: 8

Met Ala Leu
1

Ala Gly Gly
Gly Gly Ser
35

Tyr Glu Ala

50

Val Glu Val

Trp Ala Gly

Val Ala Pro

Pro Ser Ser

Arg Gly Ala Ala Gly

Ala Pro Gly Gly Ser

20

Ala Ser Ala Gly Ala

40

Arg Gly Glu Asp Glu

55

Leu Ser Gln Asp Ala

70

Gln Val Gln Arg Arg

85

Cys Arg Pro Ala Ala

100

Pro Val His Val Ala

Ala

Ala

25

Gly

Leu

Ala

Leu

Ser

105

Phe

Thr

10

Ser

Leu

Ser

Val

Gly
90

Pro

Glu

Asp

Ser

Trp

Leu

Ser

75

Ile

Ala

Arg

Thr Pro Val

Ser Ser Thr
30

Ala Ala Leu
45

Arg Arg Gly
60

Gly Asp Glu

Phe Pro Ala

Pro Pro Pro

110

Leu Glu Leu

Ser Ser

15

Ser Ser

Tyr Asp

Gln Leu

Gly Trp

Asn Tyr

95

Ser Arg

Lys Glu
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Leu

Gly

145

Ala

Met

Gln

Asn

Gly

225

Ala

Glu

Asp

Ala

305

Phe

Leu

Ala

Cys

Pro

385

Ile

Met

Arg

Ala

Gln

465

Ile

Lys

Ile

Pro

Ile

130

Gln

Ala

Leu

Pro

Arg

210

Pro

Val

Pro

Glu

Phe

290

Gly

Ser

Leu

Tyr

Pro

370

His

Glu

Gln

Thr

Ala

450

Gln

Leu

Gly

Ser

Asn
530

115

Gly

Glu

Ala

Arg

His

195

Ala

Arg

Gln

Ile

Ile

275

Gly

Thr

Lys

Thr

Gly

355

Glu

Ile

Gly

Asp

Lys

435

Leu

Leu

Ile

Lys

Leu
515

Leu

Ala

Val

Ala

His

180

Leu

Leu

Arg

Ile

Leu

260

Glu

Leu

Tyr

Gly

Gly

340

Val

Pro

Arg

Ala

Asp

420

Glu

Gln

Ala

Phe

Phe
500

Pro

Asp

Gly

Ala

Ala

165

Pro

Cys

Ala

Ala

Ala

245

His

His

Ala

Ala

Ser

325

Glu

Ala

Phe

Pro

Val

405

Trp

Lys

Gln

Glu

Gln
485
Lys

Ser

Lys

Gly

Val

150

Glu

Asn

Leu

Ala

Arg

230

Arg

Arg

Asp

Arg

Trp

310

Asp

Val

Val

Ala

Ser

390

Met

Lys

Glu

Lys

Arg

470

Leu

Arg

Asp

Arg

Phe

135

Lys

Ser

Ile

Val

Ala

215

Arg

Gly

Asp

Asp

Glu

295

Met

Ile

Pro

Asn

Lys

375

Phe

Thr

Leu

Leu

Ser

455

Glu

Asn

Ser

Phe

Arg
535

120

Gly

Ala

Val

Ile

Leu

200

Asn

Ile

Met

Leu

Ile

280

Trp

Ala

Trp

Tyr

Lys

360

Leu

Ala

Glu

Glu

Arg

440

Gln

Ile

Gln

Arg

Gln
520

Ser

Gln

Ala

Arg

Glu

185

Glu

Ala

Pro

Leu

Lys

265

Cys

His

Pro

Ser

Arg

345

Leu

Met

Leu

Met

Ile

425

Ser

Glu

Asp

Glu

Leu
505

His

Leu

Val

Arg

Arg

170

Leu

Phe

Ala

Pro

Tyr

250

Ser

Asn

Arg

Glu

Cys

330

Gly

Thr

Lys

Ile

Pro

410

Gln

Arg

Glu

Val

Lys
490
Lys

Lys

Asn

Tyr

Gln

155

Glu

Arg

Ala

Pro

His

235

Leu

Ser

Lys

Thr

Val

315

Gly

Ile

Leu

Glu

Leu

395

Gln

Gln

Glu

Leu

Leu

475

Pro

Leu

Ile

Ser

Arg

140

Asp

Ala

Gly

Arg

Asp

220

Val

His

Asn

Thr

Thr

300

Ile

Val

Asp

Pro

Cys

380

Glu

Glu

Met

Glu

Leu

460

Glu

Lys

Lys

Thr

Ser
540

125

Ala

Pro

Arg

Val

Gly

205

Pro

Leu

Glu

Ile

Leu

285

Lys

Lys

Leu

Gly

Ile

365

Trp

Gln

Ser

Phe

Glu

445

Lys

Arg

Val

Asp

Val
525

Ser

Thr

Glu

Leu

Cys

190

Gly

Arg

Val

Glu

Leu

270

Lys

Met

Ser

Leu

Leu

350

Pro

Gln

Leu

Phe

Asp

430

Leu

Arg

Glu

Lys

Gly

510

Gln

Ser

Trp

Gln

Phe

175

Leu

Ala

Ala

Asn

Ala

255

Leu

Ile

Ser

Ser

Trp

335

Ala

Ser

Gln

Thr

His

415

Glu

Thr

Arg

Leu

Lys

495

His

Ala

Ser

Gln

Asp

160

Ala

Gln

Leu

Pro

Trp

240

Phe

Leu

Thr

Thr

Leu

320

Glu

Val

Thr

Asp

Ala

400

Ser

Leu

Arg

Glu

Asn

480

Arg

Arg

Ser

Pro
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Pro

545

Ser

Glu

Trp

Arg

Ile

625

Pro

Arg

Pro

Trp

Ala

705

Ser

Leu

Pro

Lys

Gly

785

Ile

Ser

Met

Pro

Leu

865

Ala

Gly

Ser

Arg

Arg
945

Ser

Asp

Glu

Gly

Ile

610

Lys

Gly

Lys

Leu

Glu

690

Pro

Ala

Asp

Lys

Ser

770

Glu

Leu

Glu

Leu

Ala

850

Pro

Ser

Asn

Ala

Glu

930

Arg

Ser

Glu

Phe

Pro

595

Arg

Asn

Ser

Pro

Gly

675

Glu

Thr

Leu

Leu

Glu

755

Arg

Ala

Ser

Asp

Thr

835

Leu

Ser

Ser

Pro

Leu
915

Val

Pro

Pro

Ser

Glu

580

Asn

Pro

Gln

Cys

Lys

660

Lys

Ala

Asn

Tyr

Arg

740

Glu

Arg

Ser

Thr

Pro

820

Pro

Met

Ser

Lys

Thr

900

Pro

Ser

Ala

Thr

Asn

565

Asp

Ser

Leu

Lys

Glu

645

Gln

Asp

Ala

Ser

Gly

725

Glu

Lys

Ser

Ser

Pro

805

Leu

Asp

Pro

Phe

His

885

Pro

Leu

Pro

Ser

Met

550

Lys

Val

Ile

Ser

Thr

630

Glu

Ile

Ala

Ser

Leu

710

Cys

Leu

Lys

Ala

Pro

790

Ser

Val

Phe

Arg

Leu

870

Arg

Thr

Cys

Lys

Leu
950

Met

Thr

Lys

Gln

Asp

615

Met

Pro

Lys

Gln

Ala

695

Ser

Thr

His

Lys

Ser

775

Pro

Phe

Asp

Cys

Leu

855

Gln

Pro

Gly

Pro

Lys

935

Arg

Pro

Trp

Arg

Met

600

Gly

Pro

Lys

Leu

Arg

680

Asn

Arg

Val

Lys

Arg

760

Pro

Ser

Ser

Ser

Pro

840

Asp

Arg

Ser

Ala

Ser
920

His

Ser

Arg

Gly

Asn

585

Lys

Asn

Leu

Leu

Pro

665

Glu

Ala

Ser

Leu

Ala

745

Glu

Pro

Leu

Thr

Ala

825

Thr

Thr

Thr

His

Thr
905
Pro

Ser

Arg

Leu

Arg

570

Phe

Asp

Ser

Ala

Ser

650

Ser

Asn

Ala

Pro

Leu

730

Gln

Gly

Thr

Pro

Lys

810

Pro

Ala

Asp

Cys

His

890

Ile

Ala

Thr

Ser

Arg

555

Asn

Lys

Arg

Pro

Ser

635

Pro

Gln

Pro

Thr

Gln

715

Ala

Ala

Ile

Ser

Leu

795

Cys

Val

Pro

Cys

Gly

875

Arg

Ile

Pro

Val

Asp
955

Ala

Thr

Lys

Thr

Trp

620

Leu

Asp

Ala

Ala

Val

700

Arg

Ser

Ala

Phe

Leu

780

Ser

Leu

Thr

Gly

Ser

860

Asn

Arg

Ser

His

His

940

Leu

Ile

Val

Lys

Asp

605

Ser

Phe

Gly

Tyr

Glu

685

Thr

Lys

Val

Glu

Gln

765

Ser

Ser

Leu

Cys

Ser

845

Val

Val

Thr

Ala

Ser
925

Ile

Pro

Gln

Phe

Gly

590

Cys

Thr

Val

Leu

Ile

670

Ala

Ile

Lys

Ala

Glu

750

Arg

Ser

Ala

Gln

Asp

830

Gly

Ser

Pro

Met

Thr
910
His

Val

Gln

Leu

Arg

575

Cys

Lys

Ile

Asp

Glu

655

Asp

Gly

Glu

Thr

Leu

735

Pro

Ala

Thr

Leu

Met

815

Ser

Arg

Arg

Tyr

Ser

895

Gly

Leu

Pro

Ala

Thr

560

Gln

Thr

Glu

Leu

Gln

640

His

Leu

Ser

Met

Glu

720

Gly

Leu

Ser

Cys

Gly

800

Asp

Glu

Glu

Asn

Cys

880

Asp

Ala

Pro

Gln

Tyr
960



61

US 9,061,009 B2

-continued

62

Pro Gln Thr Ala
Arg Pro Gly Pro
980

Lys Ser His Val
995

Arg Asp Tyr Thr
1010

Pro Ser Ile Tyr
1025

Val

965

His

Pro

Val

Glu

Ser Gln Leu Ala
Pro Thr Gln Phe
985

Ser Leu Leu Asp
1000

Pro Leu Gly Arg
1015

Leu Glu Lys Glu
1030

Gln

970

Leu

Val

Met

Phe

Thr Ala Cys Val Val Gly
975

Ala Ala Lys Glu Arg Thr
990

Asp Val Glu Gly Gln Ser
1005

Arg Ser Lys Thr Ser Arg
1020

Leu Ser
1035

What is claimed is:

1. A method of treating type 2 diabetes in a subject, the

method comprising:

identifying a subject having or at risk for type 2 diabetes; 20

and

administering to the subject a therapeutically effective
amount of a composition that specifically inhibits the
expression or activity of a mixed lineage kinase (MLK),
thereby treating type 2 diabetes in the subject.

2. The method of claim 1, wherein the subject is a human.

3. The method of claim 1, wherein the composition is a

specific inhibitor of MLK activity.

4. The method of claim 3, wherein the composition is

CEP-1347, CEP-11004, or K252a.

5. The method of claim 3, wherein the composition is an

antibody or antigen binding fragment thereof.

6. The method of claim 5, wherein the antibody is an

intrabody.
7. The method of claim 1, wherein the composition is a

specific inhibitor of MLK expression.

8. The method of claim 7, wherein the composition is an
inhibitory nucleic acid.
9. The method of claim 8, wherein the inhibitory nucleic
25 acid is an antisense nucleic acid or a mediator of RNA inhi-
bition (RNAI).
10. The method of claim 1, wherein the MLK is MLK1,

MLK2, MLK3, or MLK4.

11. The method of claim 1, wherein the MLK is MLK3.
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